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PREFACE. 



Among the most important of the recent advances in 
medical science are those relating to the chemistry of the 
various organic substances which enter into the com- 
position of animal tissues and fluids, and to the physico- 
chemical laws which govern, or at least influence, many 
physiological processes. The discovery of the chemical 
constitution of the purin bodies, of many of the urinary 
constituents, and of sugars and fats, as well as the new 
theories of solution and catalysis, has revolutionized the 
teaching of biological and clifiical chemistry; and in 
pharmacology and pharmacy a knowledge of organic 
atfd physical chemistry is almost essential. The study 
of these parts of chemistry is, therefore, daily coming 
to be of greater importance to the medical student and 
is already included in the curriculum of the best medical 
schools.^ 

As taught in the regular college classes in organic 
chemistry, the subject certainly absorbs too great a 

^The recent application by Arrhenius of certain physico- 
chemical laws in explaining the mode of action of antitoxins, 
etc., is an- illustration of the increasing importance of a 
knowledge of physical chemistry for the medical student. 
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ORGANIC CHEMISTRY. 



CHAPTER I. 

THE NATURE AND COMPOSITION OF ORGANIC 
COMPOUNDS. 

Definition of Organic Chemistry. The various inor- 
ganic chemical compounds are classified by the chemist 
into groups, a group comprising all the compounds of 
some particular element. Thus we have the iron group, 
the sulphur group, and so on. On account, however, 
of the great number ^ of compoimds containing the 
element carbon, the group of carbon compounds is set 
apart for consideration as a special branch of chemistry. 
Organic chemistry is that branch: it is the chemistry 
of carbon compounds. This definition is, however, not 
strictly accurate, for it is customary to treat of the oxides 
of carbon and the carbonates in inorganic chemistry. 

The name organic owes its origin to the old-time 
belief that these compounds of carbon could be pro- 
duced only by the agency of vegetable or animal organ- 
isms, by so-called vital activity. That such a notion 

» Over 100,000. 
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is untenable was first shown by Wohler, who, in 1828, 
obtained urea — the main organic constituent of urine — 
by simply evaporating an aqueous solution of ammonium 
cyanate, his real intent being to recrystallize the latter 
salt. Since that date thousands of organic compounds 
have been prepared in the laboratory without any 
assistance from vital processes. In fact, a great pro- 
portion of the compounds known to organic chemists 
have never been discovered in nature, but have been 
created in the chemical laboratory. 

Elements and their Detection. In organic compounds 
carbon may exist in combination with one, two, three, 
four, or even five other elements. The most important 
elements present in organic compounds, together with 
their atomic weights and valences, are as follows: 

Carbon, C atomic wt. 12, valence IV. 

Hydrogen, H 

Oxygen, 

Nitrogen, N 

Phosphorus, P 

Sulphur, S 



(( 


" 1, ' 


I. 


li 


" 16, ' 


II. 


11 


" 14, ' 


' III and V. 


il 


" 31, ' 


' III and V 


(( 


" 32, ' 


II and VI 



Some important compounds contain the halogens 
(CI, Br, I). The presence of most of these elements in 
organic compounds can be quite readily detected by 
simple tests, the principal ones being incorporated in 
the experiments that follow. The presence of oxygen 
cannot be directly determined. 

Experiments. Detection of carbon, hydrogen, 
nitrogen, sulphur, and phosphorus. 

(1) C and H. Dry a clean test-tube in the gas-flame. 
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Fit it with a cork through which passes a glass tube 
bent at a right angle. Mix in a mortar a little dry cane 
sugar and ten times as much dry CuO, pour this mix- 
ture into the test-tube, cork, and dip the outside end 
of the glass tube into baryta solution contained in 
another test-tube. Heat the sugar mixture over a 
flame. Drops of water condense on the cool parts, 
showing the presence of H. Cloudiness in the baryta 
is due to carbon dioxide, forming BaCOa, and indicates 
the presence of C. By heating CuO it is reduced; its 
oxygen combines with the C and H of the organic sub- 
stance to produce CO2 and H2O. 

(2) N and S. (a) Triturate some dry albumin with 
twenty times as much soda-lime,^ transfer the mixture 
to a test-tube, and heat over a flame. Test the vapour 
that appears for ammonia, the presence of which proves 
the existence of N in the compound examined. 

(6) Put into a dried test-tube some dry albumm 
equal in bulk to a bean. Add a small piece of clean 
metallic sodium. Heat until the mass is red-hot, then 
gently drop the test-tube into a small beaker containing 
10 c.c. of distilled water. The tube breaks, and NaCN 
and Na2S go into solution. Filter and divide the 
filtrate into portions A, By C, and D. To A add NaOH 
until strongly alkaline, then a few drops of freshly made 
FeS04 solution ^ and a drop of Fe2Cl6 solution. Boil 

* Soda-lime is made by placing a saturated solution of caustic 
soda in a porcelain basin and gradually adding powdered quick- 
lime to it, with constant stirring, until the contents become 
solid, forming small lumps. 

* Sodium ferrocyanide is formed by this treatment. 
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this mixture two minutes, cool, and acidify with HCl. 
The appearance of a greenish-blue colour or a precipitate 
of Prussian blue indicates N. To B add a few drops of 
a fresh solution of sodium nitroprusside; ^ a reddish- 
violet colour points to the presence of S. To C add 
lead acetate solution and acidify with acetic acid. A 
brownish-black discoloration or precipitate is due to S. 
Neutralize D with HCl; add a few drops of Fe2Cl6 solu- 
tion : a red colour, which is removed by HgCU, is caused 
by the presence of sulphocyanide. 

If sulphocyanide is not formed in examining an organic 
compound by this method, halogens may be tested for in 
the filtrate by boiling some of it with HNO3 (HQN or H2S 
driven off) and then testing with AgNOs (precipitate of AgCl, 
AgBr, or Agl). 

If it is desired to detect N, S, or halogens in a liquid it is 
best to drop the liquid on to melted sodium contained in a 
test-tube which is held vertically by being! thrust through a 
hole in an asbestos pad. 

(3) P. Mix some dry nucleoproteid (or dry yeast) 
with twenty parts of fusion mixture (1 part Na2C03 +2 
parts KNO3). Heat in a crucible' until the mass 
becomes white. When cool, dissolve it in a little hot 
water and pour the resulting solution into an evaporat- 
ing dish. Add HCl until neutral and filter. To half of 
the filtrate add NH4OH until strongly alkaline, then 
add magnesia mixture.^ The phosphates, formed by 
the oxidation of the phosphorus of the compound, cause 

1 Formula =Na2Fe(CN)e(N0). 

'Magnesia mixture is made as follows: Dissolve 55 gm. 
of pure MgClj crystals and 70 gm. NH4CI in 1300 c.c. of water 
and add 350 c.c. of 8% ammonium hydroxide. 
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a white precipitate. To the other half of the filtrate 
add HNO3 until strongly acid, then add an equal 
volume of ammonium molybdate solution^ and heat 
in a water |mth imtil a fine yellow precipitate appears. 

Having thus determined what elements are present 
in the organic compound that he is investigating, the 
chemist next proceeds to ite more thorough examination. 
He first estimates the percentage amounts of the vari- 
ous elements contained in the substance, and then he 
determines its molecular weight. He is able from these 
data to calculate the empirical 2 formula. But more 
than one substance may have this same formula; there- 
fore he studies the reactions of the compound when 
treated with reagents in order to get a clue as to how 
its molecule is built up, that is, how its atoms are linked 
together. And, finally, by causing simpler substances, 
the structure of whose molecules is known, to become 
imited (synthesis) y he endeavours to produce a substance 
having the same molecular structure as his compoimd. 
If his synthetic compoimd shows properties that are 
identical with the substance under examination, .the 
chemist then considers that he has established with 
absolute certainty the chemical construction of the 
compound. 

But all this work will end in failure unless the sub- 
stance under examination be absolutely pure, i.e., free 

* Ammonium molybdate solution is made as follows: Dis- 
solve 75 gm. ammonium molybdate in 500 c.c. of water and 
add 500 c.c. of HNO3 of specific gravity 1.2. 

'The empirical formula gives merely the total number 
of atoms of each element in one molecule, as CeHigOe (see p. 57). 
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from admixture of any other substances. It is neces- 
sary for us at this stage, therefore, to explain the chief 
methods of purification as well as the tests by which the 
purity of the substance is ascertained. This wifl be 
done in the chapter that follows. ' 



CHAPTER II. 

PURIFICATION AND IDENTIFICATION OF 
SUBSTANCES. 

PURIFICATION OF SUBSTANCES. 

The main methods of separating an organic sub- 
stance in a pure state are crystallization, svblimationy 
distillatiorij and dialysis. 

Crystallization. The basis of this method is the fact 
that different substances are not usually soluble to an 
equal extent in the same solvent. For example, 
acetanilide can be separated from dextrqjse by dissolving 
the mixture of these two in hot waters on cooling the 
resulting solution, the acetanilide crystallizes out because 
of its slight solubility in cold water, while the dextrose 
remains in solution. By repeated crystallization in 
this manner perfectly pure acetanilide can be obtained 
(seeexp. below). 

Inasmuch as crystallization as a method for separa- 
tion and purification of organic compounds is invaluable, 
it will be well to detail specific directions for carrying 
it out. (1) Carefully select a suitable solvent. Put 
small quantities of the substance to be purified into 
several test-tubes; add to each a different solvent — 
those most commonly used are water, alcohol, ether, 
chloroform, benzol, petroleum ether, acetone, and 

7 
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glacial acetic acid. Discard those which dissolve the 
substance readily. Heat each of those that remain. 
Choose the solvent which when hot dissolves the sub- 
stance readily, but deposits crystals on cooling. The 
solvent should either hold the impurity in solution 
when cold or else exert no solvent action on it what- 
ever. 

(2) Completely saturate at boiling temperature a 
certain quantity of the chosen solvent with the sub- 
stance. 

(3) Filter the hot liquid through a plaited filter, using . 
a funnel with a short stem. (With a long-stemmed 
funnel crystals may separate out in the stem and block 
it.) Heating the funnel in hot water before filtration 
may be resorted to. 

(4) Collect the filtrate in a beaker having a capacity 
twice the volume of the liquid. With too small a 
beaker creeping of crystals and liquid over the edge may 
occur. 

(5) Cool slowly. If crystals are deposited very 
quickly, i-edissolve with the aid of heat, and prevent 
rapid cooling by wrapping the beaker with a warm 
towel. 

(6) Cover the beaker with a piece of filter-paper to 
prevent condensation-drops falling back into the liquid 
and disturbing the crystallization. A watch-glass or 
glass plate completes the covering. 

(7) Do not disturb the beaker until crystals have 
formed. If their appearance is greatly delayed they 
may often be induced to form by scratching the inner 
wall of the beaker with a glass rod, or by " sowing " a 
crystal of the substance into the liquid. 
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(8) If the substance is not sufficiently insoluble in 
the cold solvent, crystallization may be brought about 
by slow evaporation in a wide crystallization dish which 
is loosely covered. 

(9) Collect the crystals on a suction-filter; wash them 
with a little of the pure cold solvent. Reject the 
crystals that have crept above the surface of the liquid. 

(10) Dry the crystals in a desiccator, except when 
they contain water of crystallization. 

Experiment. Put 20 c.c. of distilled water into a 
beaker and heat to boiling on an asbestos pad. Com- 
pletely saturate it with the mixture of dextrose and 
acetanilide which is furnished. Filter while hot, and 
cool. When a good crop of crystals has formed, sepa- 
rate them by filtration. Dissolve and recrystallize. 
Repeat the process until the filtrate from the crystals 
no longer reduces Fehling's solution.^ At least three 
crystallizations should be carried through. Save the 
pure white crystals. After drying them in a desic- 
cator a determination of their melting-point may be 
made (see below). 

To test the purity of the crystals their melting-point 
is determined. The method of making a melting-point 
determination will be described in the experiments that 
follow. Pure crystals melt quite sharply and com- 

* Fehling's reagent consists of an alkaline solution of cupric 
hydroxide, the latter being held in solution by means of Rochelle 
salt. The reagent is of a deep-blue colour, and when it is 
boiled with even a trace of dextrose a^red precipitate forms 
in it. 
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pletely, i.e., they become completely melted within 
0.5° C. The crystals may be considered pure when, 
after repeated crystaUization, the melting-point remains 
constant for several successive determinations. A 
bath of water may be used for substances having a 
low melting-point (as below 80°^). Sul- 
phuric acid is used for higher temperatures 
(up to 280°). For still higher tempera- 
tures paraffin is used. . 

Experiment. Make meiting-point tubes 
by heating a small glass tube of 4 mm. di- 
ameter in a flame until red, then suddenly 
drawing it out. A capillary tube about 1 
nmi. in diameter is thus obtained. Break 
into lengths of 6-8 cm. and 
seal one end of each. Put 
into such a tube some 
powdered chloral hydrate 
which has been dried in 
a desiccator. Attach the 
tube to a thermometer by 
means of a narrow rubber band cut off from rubber 
tubing, adjusting it so that the main part of the chloral 
will be opposite the middle of the bulb of the ther- 
mometer. Suspend the thermometer in a beaker of 
water so that the bulb is fully immersed. Heat the 
water very gradually. Note the temperature at which 
there is the first indication of melting, also the tempera- 
ture of actual fusion. 
Into another capillary tube put pure dried powdered 




Fig. 1. 



* All temperatures given in this book are centigrade. 
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urea; ^ attach the tube to a thermometer with a fine 
platinum wire, adjusting it as above. The bath in this 
case should be pure H2SO4 almost saturated with K2SO4 
(to lessen fuming), contained in a long-necked Jena 
flask (as, for example, a Kjeklahl incineration-flask). 
By means of a loosely fitting cork suspend the ther- 
mometer in the flask, with its bulb dipping into the 
bath. In a similar manner suspend another thermometer 
to take the temperature of the air above the H2SO4. 
Heat gradually. When melting occurs, place the bulb 
of the second thermometer midway between the meniscus 
of the mercury in the stem of the first thermometer 
and the surface of the bath; from this quickly make 
the reading of the air temperature (this is t in the 
formula below). Also measure in degrees the height 
of the mercury column above the surface of the H2SO4 
(=L in the formula). The correction which miLst be 
added to the observed reading (which is T) on account 
of the stem of the thermometer and mercury thread 
being cooler than the bulb can be calculated by the 
formula: L(r -0(0.000154). The corrected 2 melting- 
point of pure urea is 132.6°. 

A method of purification applicable to certain solid 
substances is sublimation. A substance subUmes when 
it passes from the soUd state to a vapour without 
melting. The method is carried out as follows. A 

* Where "pure urea" is called for it is best to prepare it 
by recrystallizing some urea from hot absolute alcohol. 

'The melting-points marked "corrected" are quoted from 
H. Meyer's Analyse imd Konstitution der organischen Verbin- 
dungen. 
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watch-glass or evaporating dish containing the sub- 
stance is covered with filter-paper which has several 
pin-hole perforations. A funnel which is of a size to 
fit neatly is inverted over this, the stem being loosely 
plugged with cotton. The dish is heated gradually 
until vrpour passes into the upper chamber of the 
apparatus and condenses on the cool 
walls of the funnel (see exp., p. 276). 
Distillation. This method is useful 
mainly for the purification of liquids. 
Certain soUd substances, however, 
can be distilled to advantage. When 
the impurity is a material that will 
not vaporize at the temperature em- 
ployed (i.e., at a temperature at 
which the substance itself readily va- 
porizes), simple distillation suffices. 
When, however, a mixture of vola- 
tiUzable Uquids is dealt with, fractional distillation has 
to be resorted to. This method is described in the fol- 
lowing experiment. Certain mixtures cannot be re- 
solved into their constituents in the pure state by 
fractional distillation, such as a mixture of water and 
alcohol, or methyl alcohol and benzol. 




Fig. 2. 



Experiment. Set up a distillation apparatus as 
shown in the diagram. Into the fractionating flask — 
a flask having a branch tube fused into the neck as a 
delivery-tube for the vapour — ^pour through a funnel 
about 300 c.c. of 50% alcohol. Select a cork that will 
fit the flask tightly. Through a hole in the cork 
insert a thermometer, and hang it so that the bulb is in 



PURIFICATION OF SUBSTANCES, 



13 



the stream of vapour, i.e., opposite or below the opening 
of the side tube. The bulb must not be below the neck 
nor low enough to be splashed by the boiling Uqiiid. 
Heat gradually on a water bath. Have four clean re- 
ceiving flasks ready and labelled. In the first flask col- 
lect all the distillate coming over while the thermometer 
registers a temperature between 78° and 83°; in the 
second flask collect that distilUng between 83° and 




Fig. 3. 



88°. Now dry the outside of the fractionating flask 
with a cloth and change it to a sand bath. Flask 
number three is to catch the distillate between 88° 
and 93°. The last flask receives all that distils over 
above 93°. 

For the second distillation use a smaller fractionating 
flask or a flask with a bulbed column attached as 
shown in the diagram. Pour into it the fluid in flask 
number one and use the latter as the first receiving 
flask for the distillate. When the temperature reaches 
83° pour the contents of flask number two into the 
fractionating flask^ and when the temperature again 
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rises to 83° replace flask number one by flask number 
two as the receiver. When the temperature reaches 
88° add the Uquid in flask number 
three to the fractionating flask, and 
continue in hke manner as directed 
above until all the " fractions " of 
the first distillation have been re- 
distilled. If time permits, carry 
through a third fractional distilla- 
tion. By repeated fractionating 
practically all of the alcohol is 
brought into flask number one and 
most of the water into flask number 
four. Save the final first fraction 
and later determine the per cent of alcohol by taking 
the specific gravity (see p. 18) and comparing with 
the table (see p. 345). 




Fig. 4. 



Distillation is sometimes carried out by bubbling 
steam through the mixture, which is kept at a tempera- 
ture of at least 100°. By this means substances which 
boil even above 200° can be obtained in the distillate, 
mixed, of course, with a large quantity of water (see 
fig. 5). 

Vacuum distillation is employed in certain cases, 
particularly when it is desirable to lower the boiUng- 
point in order to prevent any decomposition of the 
substance. Many substances decompose at a tempera- 
ture below their boiling-points. The distilUng appara- 
tus is closed up air-tight except for a finely pointed 
tube which dips below the surface of the heated Uquid 
and, passing through the stopper, is open to the air: 
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through this tube fine bubbles of air keep the contents 
of the flask in commotion and prevent bumping. The 
receiving flask is connected with a suction-pump. A 




Fia. 5. 



reduction of pressure in the apparatus to 30 mm. of 
mercury (atmospheric pressure being about 760 mm.). 
will usually lower the boiUng-point of a high-boiUng 




Fig. 6. 



substance by nearly 100°. An ordinary suction-pump 
is usually quite satisfactory for lowering the pressure 
(see fig. 6). 



16 ORGANIC CHEMISTRY. 

The test of pvrUy of a substance that distils is constancy 
of boiling-point. If, after repeated fractional distilla- 
tion, a material is obtained which has the same boiling- 
point each time and which distils over completely at 
that temperature, it is most likely a pure substance. 

Experiment. The boiling-point flask should be either 
a long-necked fractionating flask which has the side 
tube coming off very high up 
near the cork, or an ordinary 
fractionating flask into whose 
neck is fitted an open tube 
sUghtly expanded at the lower 
end so as to fit the neck, while 
the latter has been dented with a 
blast-flame at the proper point to 
prevent the tube slipping into 
the chamber of the flask (see fig. 
Pj^ j 7). In such an apparatus the va- 

pour passes up to the cork, then 
descends outside the tube, heating the stem of the ther- 
mometer for the whole length of the mercury column, 
the thermometer being lowered sufliciently to permit this. 
Put 20 c.c. of pure chloroform into the flask; sup- 
port the flask on wire gauze (it is advisable to inter- 
pose between the gauze and the flask an asbestos pad 
having a hole 1-2 in. in diameter). Attach a long 
tube as an air-condenser and place a receiving flask in 
position. Heat with a small flame. When vapour 
passes freely into the condenser, note the temperature. 
Continue distillation until the temperature has remained 
constant for at least five minutes. Take the reading 
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as the boiling-point. No correction is necessary except 
for barometric pressure. This correction can be cal- 
culated approximately by adding to the observed 
boiling-point 0.1° for each 2.7 mm. below 760 mm. 
barometric pressure or subtracting 0.1° for each 2.7 mm. 
above this. The boiling-point of chloroform at 760 
mm. pressure is 61.2° (corrected).* 

Dialysis is occasionally employed for purification 
purposes, especially in biochemistry. It depends on 
the well-known fact that crystalloids can diffuse through 
animal membranes or parchment paper, whereas colloids 
cannot. Thus, to separate sodiiun chloride from egg 
proteid a solution containing these is placed in a dialyser 
suspended in pure running water: the sodium chloride 
diffuses out, leaving the egg proteid in the dialyser. 



IDENTIFICATION OF SUBSTANCES. 

When the substance has been purified by the above 
methods, identification may be attempted. For this 
purpose its physical properties are studied; its colour, 
odour, and taste are carefully noted, and determinations 
are made of its melting-point, boiUng-point, crystalline 
form, — including measurement of the angles of the 
crystals, — density or specific gravity, action on polarized 
light, spectroscopic appearance, refractive power, and 
solubiUties._^ The data thus obtained are compared with 
those of known substances. i 

*The boiling-points marked "corrected" in this book are 
those given in Traube's Physico-chemical Methods. 
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Next to the first five properties mentioned, the 
most universally useful one for purposes of identifica- 
tion is specific gravity. The method of determining 
this we will describe here. Those of the other properties 
not already described will be found in one or another 
of the larger laboratory manuals.^ 

The specific gravity of liquids may be found by 
several different methods. 1. The weight of equal vol- 
umes of the liquid and of water may be successively 



€0> 





Fig. 8. 

determined in a special stoppered bottle called a picnom- 
eter. The temperature of both fluids at the moment 
of weighing must be reported. The temperature of the 
water taken as the standard for comparison may be 
0°, 4°, or 15°. The most convenient form of picnometer 
is one which holds exactly 10, 25, or 50 gm. of pure 
boiled water at 15° (see fig. 8). Further details are 
explained in the experiment below. 

* Gattermann. The Practical Methods of Organic Chem- 
istry. Translated by Schober. 2d American edition. 

Mulliken, Identification of Pure Organic Compounds. • 
Lassar-Cohn. Laboratory Manual of Organic Chemistry; 
also, Arbeitsmethoden fiir organisch-chemische Laboratorien. 
3d edition (1903). 
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2. WestphaVs balance is a very useful instrument for 
finding specific gravity (see fig. 9). Riders of differ- 
ent sizes are used on this balance, each one represent- 
ing a different decimal place in the specific gravity. 
This instrument gives the specific gravity of 
the liquid at the temperature of observation 
compared with pure water at 15°. 

3. The hydrometer is another empirically 
graduated instrument for determining specific 
gravity, water at 15° being the standard. It is 
a glass float having a long stem; this sinks in 
the fluid, so that the surface comes to a certain 
mark on the stem, and the figures which are 
read off at that mark indicate the specific 
gravity (see fig. 10). 

The urinometer is a hydrometer for use with 
mine. 

The specific gravity of a solid can be found 
by weighing it in the air, then reweighing it 
while immersed in water. This method has very p^ J j^ 
little application in organic chemistry. The 
specific gravity of crystals or small solids can be de- 
termined by placing an accurately weighed quantity ot 
them in a picnometer filled with some Uquid in which 
they are insoluble (see exp. below). 

Experiments, (a) Specific gravity of petroleum 
ether. Weigh accurately an empty dry picnometer 
which will hold just 25 gm. of pure water at 15°; 
deduct from the weight 0.03 gm. for the weight of the 
contained air. Remove the stopper and fill with pe- 
troleum ether. Wrap a strip of folded filter-paper 
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about the neck to catch the overflow, insert the stopper 
so that no air is left in the bottle, wipe off gently, and 
reweigh. When weighed, note the temperature as indi- 
cated by the thermometer in the stopper, also make sure 
that no air has been drawn into the bottle by cooling 
and consequent contraction of the fluid. The difference 
between the two weights gives the weight of the petro- 
leum ether, and this divided by the weight of an equal 
amount of water (25 gm.) gives the specific gravity as 
compared with water at 15°. In recording specific grav- 
ity report the temperature of observation; for example, 

18° 
petroleum ether /Sr]^=0.7 means that the specific 

gravity of petroleum ether at 18° is 0.7 when compared 
with water at 15°. 

(6) Specific gravity of urea. Weigh a little test-tube 
which contains pure dry urea crystals. Remove the 
stopper of the picnometer used in (a); pour the urea 
into the petroleum ether. Now fill the neck with more 
petroleum ether, insert the stopper is before, and re- 
weigh. The petroleum ether must be at the same 
temperature as in (a). Reweigh the urea tube; by 
deducting this weight from the previous one find the 
weight of the lu-ea in the picnometer. To find how 
much petroleum ether has been displaced by the urea 
(the latter being insoluble in the former) add to the 
weight of the bottle filled with petroleum ether (exp. 
a) the weight of the urea, then deduct from this sum 
the weight of the bottle containing urea immersed in 
petroleum ether (&) ; the difference is the weight of the 
petroleum ether displaced. Divide this by the specific 
gravity of petroleum ether; the result indicates the 
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displacement in cubic centimetres, or rather the weight 
(in grams) of an equal quantity of water, so that the 
weight of the urea used divided by this figure gives the 
specific gravity. The specific gravity of urea is about 
1.33. 

If the substance under investigation is known to 
chemists it can generally be identified by comparing the 
data gathered as to its properties with tabulated lists ^ 
of boiling-points, melting-points, specific gravities, etc. 
Generally an accurate determination of the boiling- or 
melting-point and of the specific gravity will definitely 
locate the substance. When dealing with a liquid it is 
advisable, if there exists any doubt about the nature of 
the substance, to determine the specific gravity at 
several different temperatures. 

If the substance is still unknown or cannot be posi- 
tively identified, an accurate analysis is made to 
determine the percentage by weight of each element 
present in it. 

* Such tables may be found in Physikalisch-chemische 
Tabellen by LandoU and B&mstein (1905 edition), Chemiker- 
Kalendar by Biedermcmn (yearly editions), Melting and Boil- 
mg Point Tables by Carnelly (1885). 



CHAPTER III. 
ELEMENTARY ANALYSIS. 

The estimation of the carbon and hydrogen present 
in a compound is made by combustion in the presence of 
cupric oxide, the end-products of combustion being 
carbon dioxide and water. The method is in principle 
exactly the same as that for the detection of carbon 
and hydrogen. 

The combustion is carried out in a glass tube of 
difficultly fusible glass having an inside diameter of 
about 1.5 cm. This tube should be 10 cm. longer than 
the furnace in which it is to be heated — 85 cm. is a good 
length. A tube of this length is charged for combustion 
as follows: a short roll or spiral of copper gauze is in- 
serted and pushed in 5 cm. from the end, moderately 
coarse cupric oxide (of wire form) is poured into the 
other end until it occupies 35-40 cm. of the tube next to 
the spiral, then another short copper spiral is pushed 
down to the coarse oxide to hold the latter in place, 
the next 20 cm. of the tube is occupied by the substance 
to be analyzed mixed ^ intimately with fine cupric oxide 

* The substance may be placed in a little platinum or porce- 
lain boat instead of being mixed with CuO. If a liquid is to 
be analyzed it is sealed in a little glass bulb, and this is placed 
in the combustion-tube. 
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(wire form) in the manner described in the experiment 
below, then follows a short copper spiral (which has a 
wire loop attached) and finally some coarse cupric oxide. 
Each end of the tube is closed with a rubber stopper. 
Through the stopper at the end nearest the fine oxide 
mixture passes a glass tube which is connected with the 
apparatus for purifying the incoming air or oxygen. 




Fig. 12. 



The absorption apparatus which collects the products of 
combustion is connected directly with a glass tube 
passing through the stopper at the other end. 

When a tube is in service for the first time, to insure 
complete removal of any organic matter that might 
be clinging to the glass or the copper oxide, the fine 
oxide is used unmixed with any other substance, and 
the whole tube is heated for several hours while a stream 
of dry air is passing through. In this case an ordinary 
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calcium chloride tube takes the place of the absorption 
apparatus. If moisture has collected in the tube 
toward the end it must be removed by warming the tube 
at that point. A stream of air can be used for the 
combustion process. Pure oxygen, however, is very 
much better for substances that do not oxidize readily, 
because of the rapidity and completeness of combustion 
in its presence. With oxygen completion of the process 
is indicated when the outgoing stream from the absorp- 
tion apparatus causes an ember on the end of a splinter 
of wood to glow brightly. 

It may add to the understanding of the process to 
trace the air or oxygen stream through the whole appa- 
ratus (see fig. 11). It first bubbles through a strong solu- 
tion of caustic potash, which removes most of the carbon 
dioxide; then passes through a large U-tube or drying- 
tower containing soda-lime or small pieces of NaOH, 
which removes the last traces of carbon dioxide; then 
through another U-tube containing calcium chloride, 
which removes moisture.^ The dry gas passes into 
the combustion-tube; when it reaches the fine copper 
oxide it aids the oxidation of the organic substances, 
and carries along with it the carbon dioxide and steam 
produced, also any volatilized material which has 
not been oxidized, and brings them into contact with 
the coarse copper oxide, which completes the oxidation; 
thus the stream when it reaches the end of the tube 
consists of air or oxygen containing carbon dioxide 
and water-vapour. In passing through the calcium 

* To insure thorough drying the air . is sometimes finally 
bubbled through sulphuric acid^ 
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chloride tube of the absorption apparatus the water is 
absorbed, and finally in bubbling through the caustic 
potash solution of the absorption bulbs the carbon 
dioxide is removed; the slight amount of moisture 
picked up here is removed by the straight calcium 
chloride tube (see fig. 12). The details of the method 
are given in the following experiment. 

Fig. 13. 

Experiment. Ccrmbustion analysis of salicylic add. 
The combustion-tube has been charged and thoroughly 
heated as directed above. Remove the stopper at the 
end nearest the air-tank, quickly pour out the coarse 
oxide into a clean dry beaker, pull out the short spiral, 
finally pour out the fine oxide into another beaker and 
replace the stopper. Put the beakers and the spiral* 
into a desiccator. Weigh accurately a weighing-bottle 
containing about 0.2 gm. of pure salicylic acid which 
has stood in a desiccator several days. Through a 
clean short-stemmed funnel pour the salicylic acid 
into the mixing-tube (see fig. 13) ; add some of the fine 
oxide carefully through the fumiel in such a way that 
all the crystals of salicyUc acid are carried along with 
the CuO into the mixing-tube. When the tube is half 
full, insert the stopper; hold the tube and stopper 
firmly and shake very vigorously. When well mixed, 
quickly empty the contents into the combustion-tube; 
rinse the mixing-tube by shaking successively with small 
. portions of fine oxide until all the oxide has been trans- 
ferred to the combustion-tube. Replace the spiral and 
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pour in the coarse oxide. Replace the stopper and con- 
nect with the air-purifying apparatus and start the air 
stream. The CaCU tube remains at the other end of the 
tube. Reweigh the weighing-bottle. 

Begin lighting the burners at the end near the cal- 
cium chloride tube. Start one biKner at a time and 
with the lowest flame possible, then very gradually 
increase the flames in number and size. Do not heat 
the fine oxide at all. In the meantime weigh the cal- 
cium chloride absorption-tube and the caustic potash 
bulb with its calcium chloride tube (remove the plugs 
before weighing). When the coarse oxide has been 
brought to a dull red heat, the part of the tube which 
contains this having been covered with tiles, attach 
the absorption apparatus in place of the ordinary 
calcium chloride tube. Now start the heating of the 
other end of the tube, containing the fine oxide and 
the substance, very gradually. When the fine oxide is 
heated watch closely, and turn down the burners here 
if bubbles pass too rapidly through the potash bulbs. 
The bubbles should not go so fast that they cannot 
be easily counted. Finally, bring the whole tube to a 
dull red heat (never hotter). After thirty minutes at 
this temperature begin to cool the tube by gradually 
turning down the burners from each end. Do not 
remove the tiles. During the first fifteen minutes 
of cooling pass the air stream more rapidly to sweep 
out of the tube all water-vapour and carbon dioxide. 
Disconnect the absorption tubes, put on the plugs, and 
allow to cool. When cool, reweigh after removing the 
plugs. Do not forget to attach the calcium chloride 
tube in the place of the absorption apparatus. Before 
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the combustion-tube is used for another analysis it 
should be heated fpr an hour while dry ah- is passed 
through it. 

The increase in weight of the U calcium chloride 
tube indicates the weight of the water produced by 
the combustion. One ninth of this is hydrogen, therefore 
the p)er cent of hydrogen present in the substance 
burned can be obtained by the following formula: 

^ , „ wt. of H2O produced X 100 

Per cent H = : 



9Xwt. of substance burned* 



The increase in weight of the potash bulb and straight 
calcium chloride tube is equal to the weight of the, car- 
bon dioxide produced. Carbon represents yt ^^ this, 
therefore for calculating the per cent of carbon the 
formula used is: 

wt . of CO2 produced X 3 X 100 



Per cent C = 



11 Xwt. of substance burned 



The sum of the per cents of hydrogen and carbon 
deducted from 100 gives the p)er cent of oxygen. 

If the substance contains nitrogen, oxides of nitrogen 
may be formed when the substance is oxidized as 
above. This necessitates a special modification of the 
method, because these oxides are absorbed by caustic 
potash. A long copper spiral (12-15 cm.), which has 
been reduced to pure copper by dipping it while hot 
into alcohol,^ is put into the end of the tube nearest 

* By this treatment any oxide adherent to the copper yields 
up its oxygen to oxidize the alcohol to aldehyde. 
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the weighed absorption apparatus, in the place of part of 
the coarse oxide. When the nitrogen oxides come in 
contact with the hot reduced copper they are deprived 
of their oxygen by the copper, and nitrogen is set free. 

Of course a free stream of air or oxygen cannot be 
used in this case until combustion is complete, otherwise 
the reduced copper spiral would become oxidized and 
be rendered useless. The air stream is used to clear 
carbon dioxide out of the tube 
at the start before the heat is 
applied to the reduced copper 
spiral; during combustion the 
sir is shut off; when combus- 
tion is complete the air stream 
is again turned on to remove 
all the products from the tube. 

To estimate the nitrogen 
alone in an organic substance 
the same tube as that described 
above for nitrogenous sub- 
stances can be employed, pro- 
vided a stpeam of dried carbon 
dioxide gas, instead of air, is 
used for removing the gases, 
etc., produced by the combus- 
tion and for clearing out the 
nitrogen and oxygen contained 

in the tube before the "heating is begun. The absorption 
apparatus in this case is a gas burette (a burette closed 
with a glass cock at the top) having some mercury in 
the bottom to act as a valve, and filled with a strong 
solution of caustic potash (see fig. 14). When bubbles 




Fig. 14. 
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no longer collect at the top of the burette and the latter 
remains full of caustic (i.e., when only carbon dioxide 
is passing out of the tube), the carbon dioxide is shut 
ofif and combustion is carried out by heating the tube 
gradually up to a dull red heat. When combustion is 
completed carbon dioxide is passed again until the tube 
ig" cleared of nitrogen, as shown by the volume of the 
gas in the burette remaining constant. The caustic 
potash absorbs all the products of combustion except 
nitrogen. The burette is allowed to stand until the 
next day. The caustic potash in the reservoir is 
brought to the same level as that in the burette, and 
the number of cubic centimetres of gas is read ofif. The 
temperature of the nitrogen is found by placing a ther- 
mometer against the burette, with the bulb at the mid- 
level of the gas. Saturation with aqueous vapour may 
have been rendered certain by previously running in 
1 c.c. of water carefully by way of the tap at the top.^ 
The barometric reading must also be taken. The re- 
sults of the analysis are then computed by referring 
to specially prepared tables which give in grams the 
amount of nitrogen corresponding to 1 c.c. of the moist 
gas in the burette, at various temperatures and under 
various pressures (see Appendix, p. 347). 

An. easier method of nitrogen estimation is the 
Kjeldahl method, by which the nitrogen in the organic 

^ In doing this, of course, great care must be taken that 
no air enters the burette. The top of the burette being partly 
filled with water, the levelling-tube is then slightly lowered 
so as to cause a slight suction-pressure in the burette, and 
the tap is very cautiously opened and is closed as soon as the 
walls of the burette are moistened. 
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substance is converted into ammonia by heating with 
pure sulphuric acid. The ammonium sulphate pro- 
duced can then be treated with alkali, and the ammonia 
thus liberated distilled into a measured quantity of 
standard acid. From the amount of this latter which 
is thus neutralized, the amount of nitrogen contained 
in the organic substance can readily be calculated. 
Kjeldahl's method is extensively employed in bio- 
chemical analysis and will be found fully described in 
many of the laboratory manuals on that subject. 

// halogens are present in the substance to be analyzed 
a silver spiral must be used in place of the reduced 
copper spiral. The silver combines with the halogens 
and prevents them passing into the absorption tubes, 
where they would be absorbed. 

When sulphur is present lead chromate takes the place 
of the cupric oxide in the tube, lead sulphate being 
formed during combustion. 

Having determmed the percentage composition, a 
provisional formula for the compound may be found 
as follows: divide the percentage number of each 
element by its atomic weight, divide each of the resultmg 
figures by the smallest of them (as the greatest common 
divisor), and make use of these smaller figures, or the 
nearest whole number, to express the number of atoms 
of each element in one molecule. An example will 
illustrate this. Alcohol was found by one analysis to 
contain 52.05% C, 13.13% H, and 34.82% 0. Then 



C 52.054-12= 4.337 
H 13.13^ 1 = 13.130 
34.82-^16= 2.176 



4.337 -^2.176 = 1.993 

13.130^2.176 = 6.030 

2.176-5-2.176 = 1.000 
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Therefore the formula may be C2H6O. The same per- 
centage composition would, however, be shown by 
any substance having the formula C2nH6nOn. It 
becomes necessary then to determine the number of 
atoms in the molecule by finding out the molecular 
weight; the value of n is thus discovered. 



CHAPTER IV. 

MOLECULAR WEIGHT DETERMINATION. THE NA 
TURE OF SOLUTIONS. OSMOTIC PRESSURE. 
IONIZATION. COLLOIDAL SOLUTIONS. 

In order to understand fully the physico-chemical 
nature of solutions and the subject of molecular weight 
determinations it will be advisable briefly to re\dew 
some of the cardinal points in physical chemistry 
which relate to these subjects. As we shall see later, 
gases and solutions in then* physico-chemical behaviour 
are very much alike, so that a clear conception of the 
gas laws, which are well known and readily tested, will 
enable us to study more satisfactorily the nature of 
solutions. 

The three important gas laws are as follows: 

1. Gay-Liissac^s or Dalion's law: provided its pressure 
remains unchanged, every gas expands by j\^ of its 
volume at (f for each degree of rise of temp)erature. 

Thus a gas occupying a volume of 1 litre at (f will 
occupy 2 litres at 273°, if the pressure remains constant. 
In making calculations it should be remembered that 
the absolute temperature of 0° is 273°, and therefore 
for any temperature above 0° the absolute temperature 
is that temperature plus 273°. Another way of stating 
the law is that the volume of a gas (at constant pres- 
sure) varies du-ectly with its absolute temperature. 

33 
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2. BoyWs law: provided the temperature remains 
constant, the volume of a gas varies inversely as the 
pressure. Thus, if 1 litre of gas be compressed into the 
space of 0.5 litre, the pressure has been doubled. 

3. Avogadr&s hypothesis: under the same conditions 
of temperature and pressure, equal volumes of all 
gases contain the same number of molecules. 

THE MOLECULAR WEIGHT OF GASES AND VAPOURS. 

The relative weights of equal volumes of different 
gases, under the same conditions of temperature and 
pressure, must represent the relative weights of the 
molecules (Avogadro's hypothesis). If, then, we take 
the weight of one gas as the standard, the molec- 
ular weights of other gases can readily be ascer- 
tained. Hydrogen is the gas thus chosen, and since 
its molecule contains two atoms, we ascribe to it a 
molecular weight of 2. Similarly, oxygen has a molecu- 
lar weight of 32, being sixteen times heavier than 
hydrogen. Two grams of hydrogen at 0° and 760 mm. 
Hg pressure has a volume of 22.4 litres. But 2 is the 
molecular weight of hydrogen; therefore if we take the 
number of grams of any other gas equivalent to its 
molecular weight this amount of gas will also occupy 
a volume of 22.4 litres (at 0° and 760 mm.). Such a 
weight in grams corresponding to the figures for the 
molecular weight is called a gram-molecule or a moh In 
consequence of Boyle^s law it must follow that if we 
compress a mol of any gas atO° to the volume of 1 
litre it will have a pressure of 22.4 atmospheres (i.e. 
22.4X760 mm. Hg). 
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If, therefore, we know the volume, temperature, and 
pressure of a known weight of a gas it is easy by applying 
the above laws to determine its molecular weight. As 
an example, suppose that 0.2 gm. of a dry gas has a 
volume of 50 c.c. at 10° and 740 mm. Hg; what is the 
molecular weight? 

273 740 
50 Xx=5—:r7;Xr^= 46.899 = c.c. at 0° and 760 mm. 
273 -f 10 760 

But a mol occupies 22400 c.c. Then 0.2 gm. is 

46.899 

€y2Ac\c\ ^f ^ ^^1> therefore the mol is 95.4 gm. The 

molecular weight is 95.4. 

Vapours obey the same laws as gases. Substances, 
solid or liquid, which can be vaporized by heat submit 
to a molecular weight determination as readily as gases. 
In practice the determination is made either by weigh- 
ing a known volume of the substance in the form of 
vapour, or by measuring the volume of the vapour 
produced from a known weight of the substance. 

A known volume of vapour is weighed when Dwuds' 
method is used. By this method an indefinite quantity 
of the substance is vaporized in a flask-like bulb by 
heating the bulb in an oil-bath. The neck of this flask- 
like bulb is drawn out to a fine tip. When all the air is 
displaced from the bulb, and the substance is completely 
vaporized, the tip is sealed off in a flame. The tem- 
perature of the bath is recorded, also the barometric 
pressure. After cooling, the weight of the substance 
in the bulb and the capacity of the latter are accurately 
determmed, and from these data the molecular weight 
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can be calculated. This method, whUe simple in 
principle, is nevertheless tedious in practice. 

A much more useful method for general purposes is 
that of Victor Meyer, in which the volume of a known 
weight of vapour is ascertained by finding how much 

air is displaced in a closed 
apparatus when the sub- 
stance changes to a vapour. 
The apparatus,^ as shown 
in the figure, consists of an 
elongated bulb continued 
above into a long neck 
closed at the top by a rub- 
ber stopper; from the neck 
passes a side tube which is 
connected by heavy rubber 
tubing with a gas burette. 
FiQ 15 The bulb is suspended in a 

wide tube having a bulb-like 
expansion at its closed end (the upper two thirds of. 
this tube should be wrapped with asbestos paper) and 
which contains some liquid with a boiling-point 40^-50® 
above the vaporization temperature of the substance. 

Experiment. Fill the bulb of the outer tube two 
thirds full of distilled water; suspend the inner tube 

/ An excellent modification of this apparatus has been 
made by Bleier and Kohn, by which, instead of measuring 
air-displacement, the increase of pressure (the volume of gas 
in the apparatus being constant) due to the vaporization is 
measured by means of a mercury manometer. Before making 
an estimation the air-pressure in the apparatus is lowered by 
a suction-pump. 




MOLECULAR WEIGHT DETERMINATION, 37 

in it by means of a cork (this will have to be cut in 
two and then wired together again). By means of 
this cork also hang a thermometer in the steam-cham- 
ber and insert a bent glass tube as a steam-vent. Now 
boil the water (start the heating very gradually). 
When the thermometer registers a constant temperature, 
i.e., the boiling-point of the water,* connect the side 
tube with the gas burette and cork the inner tube 
tightly with a rubber stopper. Bring the water in the 
burette and in the reservoir to exactly the same leveL 
If there is no variation from this level for 5-10 minutes 
the apparatus is ready for making an estimation. To 
do this remove the stopper of the inner tube and place 
in position (supported by the glass rod which fits the 
extra branch tube and extends into the neck of the 
main tube, see fig. 15) a little sealed glass bulb con- 
taining a known weight of pure chloroform (the bulb 
having been weighed before and after filling). Fit 
the stopper tightly, and wait a few minutes to deter- 
mine whether the volume of the air in the apparatus 
remains constant (as indicated by the level of the liquid 
in the burette). When constant, fill the burette exactly 
to the cock by raising the reservoir after having brought 
the burette into communication with the outer air by 
means of a two-way cock (either the cock of the biu'ette 
or one specially inserted in the rubber tubing connection). 
Then close the cock, so that the burette communicates 
only with the air of the system. Now drop the bulb 

* Boiling-point at 735 mm. barometric pressure is 99.1°, 
at 740 mm. 99.3°, at 745 mm. 99.4°, at 750 mm. 99.6°, at 755 mm. 
99.8°, and at 760 mm. 100°. 
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to the bottom of the Victor Meyer tube by puUmg 
the rod. Some glass wool has been put into the bot- 
tom of the tube to prevent injury. Vapour forms and 
air is pushed over into the burette. Level up the 
water in the burette with that in the reservoir. When 
the level remains absolutely constant for 10-15 minutes, 
close the cock of the burette. Measure the volume of 
the air displaced into the burette in exactly the same 
way as in nitrogen estimations (see p. 30), correcting 
for temperature, also for aqueous (see Appendix) and 
barometric pressure, and convert to the volume at QP 
and 760 mm. (see p. 35). To make the calculation 
divide 22400 (22.4 L.) by the number of cubic centimetres 
of air displaced, and . multiply this quotient by the 
weight of the chloroform vaporized; the product gives 
the weight of a gram-molecule of the substance, and 
the same figures express the molecular weight. 

THE NATURE OF SOLUTIONS. OSMOTIC PRESSURE, 

In their physical properties solutions are very 
different from gases. In attempting to apply gas 
laws to substances in solution it is evident that 
other methods than those used in the case of gases 
must be adopted to measure the pressure of the dis- 
solved substance. We measure the pressure of a gas 
by means of a manometer, but it is obviously impossible 
to measure the pressure of a dissolved substance by the 
same means, for the only pressure which the manometer 
can record is that of the solution against the walls of 
its container. In the case of a gas the molecules are 
suspended in a vacuum; in the case of a solution they 
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are suspended in a solvent; the solvent of a solution 
is, therefore, analogous to the vacuum in which the 
gaseous molecules are suspended. For piu'poses of 
analogy is there any means by which the pressure of 
one gas suspended in another gas may be determined? 

The metal palladium when heated to 200° allows 
hydrogen, but no other gas, to diffuse through it. If, 
therefore, a small vessel of heated palladium containing 
nitrogen be suspended in a confined atmosphere of 
hydrogen, hydrogen will diffuse 
into the vessel, but no nitrogen will 
diffuse out. In consequence of this 
the pressure inside the palladium 
vessel will become greater than that 
outside, and the difference between 
the two at the end of the experi- 
ment will represent the pressure of 
the nitrogen. The figure shows a 
piston working freely in the palla- 
dium box; hydrogen passing into 
the nitrogen chamber (indicated by 
arrows) increases the pressure on the under surface of 
the piston so that the latter moves upward. 

This gives us an indication of how it may be possible 
to measure the pressure of a dissolved substance, for in 
the above experiment we can conceive of the nitrogen as 
being in solution in hydrogen; indeed, to make the case 
still plainer, we can start the above experiment with a 
mixture of hydrogen and nitrogen inside the palladium 
vessel and measure increase of pressure. 

This experiment shows us that if we could but obtain 
a membrane allowing only one of the constituents of 




Fig. 16. 
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a solution (i.e., the solvent) to pass through 4t, then we 
could measure the pressure which the other constituent 
(i.e., the solute) exercises. An example of such a 
membrane is a film of copper ferrocyanide. Since 
this film of copper ferrocyanide is too fragile to exist 
unsupported, it may be- deposited in the pores of a 
porous cell (such as is used for electric batteries), and 
the following method may be used in preparing it. 

A fine-grained porous cell, about four inches long and 
one inch inside diameter, is closed with a perforated 
rubber stopper, through which passes a glass tube con- 
necting with a suction-pump. The cell is placed in 
water, and the water is sucked through the pores; then 
in acid, then in water again. By this means the 
pores of the cell are thoroughly cleaned. When clean, 
the cell is placed in a 15 per cent solution of potassium 
ferrocyanide, and suction is maintained until the pores 
are completely filled. The inside and the outside of 
the cell are then thoroughly washed with distilled 
water, after which it is immersed for several hours in 
a 25 per cent solution of copper sulphate. The copper 
sulphate reacts with the potassium ferrocyanide in the 
pores of the porous pot, so that a fine precipitate of 
copper ferrocyanide is deposited. After washing in 
water the cell is ready for use. 

If a solution of cane sugar be placed inside such a 
cell and this be suspended in water, the latter will pass 
into the cell and cause the volume of fluid in this to in- 
crease, so that, if a vertical glass tube be connected with 
the cell, fluid will moimt up in it to a very considerable 
height; or if we connect a pressure-gauge (manometer) 
with the cell, we shall be able to measure the pressure 
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instead of the increase of volume. If a gram-molecu- 
lar 1 solution of cane sugar be employed, the pressure 
in the cell as recorded by the mercury manometer 
comes to be equal to that of 22.4 atmospheres. TTiis 
pressure, however, can seldom be attained, for it is too 
great for the fine film of copper ferrocyanide to with- 
stand.2 The film of copper ferrocyanide ruptures, and 
an escape of the fluid takes place. The pressure thus 
demonstrated is called osmotic pressure, and a mem- 
brane of the nature described is called a semi-permeable 
membrane? It has been foimd that the osmotic pres- 
sure of all gram-molecular solutions corresponds to a 
pressure of 22.4 atmospheres, which, it will be remem- 
bered, is the pressure of a gram-molecule of gas com- 
pressed to the volume of a litre. Knowing this, we 
can calculate what the pressure of any dissolved 
substance in solution will be. Thus, the pressure x of a 
1 per cent solution of cane sugar may be calculated 
from the proportion : Molecular solution : 22.4 atmos- 
pheres : : 1% solution : x. Solutions which obey the 
laws of osmotic pressure most accurately are those of 
the strength of decinormal solutions. 

These facts show us that the osmotic pressm-e of a 
solution must be analogous to the pressure of a' gas; 

* By gram-molecular solution is meant the molecular weight 
of a substance in grams dissolved in an amount of solvent 
sufficient to make 1 L. of solution (Arrhenius). 

' An actual pressure equal to 22.4 atmospheres has recently 
been observed by Morse and Frazer by using a specially con- 
structed apparatus. 

• Solutions of salts and other substances which become dis- 
sociated in solution do not behave according to this law (see p. 51 ). 
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the volume in both cases being easily measured, we are 
therefore in a position to test the gas laws in solutions. 

1. According to Gay-Lussac's law, the osmotic pres- 
sure should be proportional to the absolute temperature. 
That this is so is proved by the following observa^tion. 
A 1 per cent solution of cane sugar at 14.2® has an 
osmotic pressure of 510 mm. Hg, and at 32° of 544 mm. 
Hg. According to calculation it should be 540.6 mm. 
Hg (practically agreeing with the finding), thus 

2. According to Boyle's law, the osmotic pressure 
should be directly proportional to the concentration of 
the solution — or, in other words, inversely proportional 
to the volume of the solution. By comparing the 
osmotic pressures of cane sugar solutions of varying 
strengths (at the same temperature, 14°) the following 
values have been obtained: 



Per Cent Strength of 
Solution. 


Osmotic Pressure in 
Millimetres of Mercury. 


Pressures 
Concentration. 


1.0 

• 2.0 

4.0 

6.0 


535 
1016 
2086 
3075 


535 
508 
520 
512 



It will be seen that the law applies. 

3. According to Avogadro's hypothesis, all equi- 
molecular solutions (i.e., solutions in which the weights 
of the solutes in a given quantity of solution bear the 
same ratio to one another as the molecular weights of 
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those substances) ought to have the same osmotic 
pressure. As aheady stated, this has been found to be 
the case. 

Theoretically, the measurement of the osmotic pres- 
sure would be a simple enough way of determining 
the molecular weight, but, iji practice, the method can- 
not be used, because, unless elaborate precautions be 
taken, any considerable pressure in the cell mechanically 
ruptures the membrane, and so allows the fluid to leak 
and the pressure to fall. The method is of interest 
mainly l^ecause it shows us the striking analogy between 
a gas and a solution. It shows us that the osmotic 
pressure is virtually the same as the gaseous pressure 
which any substance would exert were it present as 
a gas in the same volume as that occupied by the pure 
solvent: that if the solvent were suddenly removed 
the dissolved molecules might be considered as re- 
maining suspended as a gas. 

Biological Methods for Measuring Osmotic Pressure. If, in the 
above experiment with cane sugar solution, instead of placing 
the cell in water we had placed it in a solution of cane sugar 
weaker than that contained in the cell, then the osmotic pressure 
would not be so great as in the previous case, because water 
would pass into the cell only until the strength of the solution 
came to be the same as that outside it. This fact leads us to 
an important conclusion, viz.: that the relative strengths of 
two solutions can be ascertained by seeing whether osmosis oc- 
curs between them when they are separated from one another 
by a semi-permeable membrane.* 

*This is true only for solutions of diffusible substances in 
the same solvent (water). 
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In the case of the copper ferrocyanide cell, above described, 
we could determine this fact by measuring the pressure inside 
the cell. If, however, we employ a closed sac of some semi- 
permeable membrane filled with one of the fluids, then we 
could, by suspending this sac in some other fluid, tell if osmosis 
had occurred, by seeing whether the sac became distended 
or the reverse. In the case of the red blood-corpuscles we 
have a structure analogous to this. The envelope of the cor- 
puscles acts like a semi-permeable membrane; it allows water 
to diffuse through it, but not salts.* 

Now a corpuscle contains a solution of salts and haemo- 
globin, and if it be placed in a fluid containing in solution the 
same number of molecules as is contained in the fluid inside 
the corpuscle, then no osmosis will occur in either direction 
and the corpuscle will remain unchanged in volume. Such 
a fluid is said to.be isotonic with the fluid inside the corpuscle. 
If the corpuscle be placed in a solution which is weaker than 
that contained in the corpuscle, then water will diffuse in 
and the corpuscle will distend and may ultimately burst. 
Such a solution is said to be hypoisotonic. If the corpuscle 
be placed in a solution which is stronger than that of its fluid 
contents, then water will diffuse out of the corpuscle, so that 
the corpuscle will shrink. Such a solution is called hyperiso^ 
tonic. 

This change in the volume of the corpuscle may be observed 
under the microscope, and a quantitative expression also of 
the change in volume of the corpuscle may be obtained by 
using an instrument called a hsematocrit. This consists of 
a graduated narrow capillary tube, about seven centimetres 
long. At one end the tube is widened so as to give space 
in which the fluids may be mixed. Blood is drawn into the 
capillary by means of a syringe and its volume accurately 
measured. The pipette is then closed at each end by small, 
accurately fitting, metal plates held in position by a spring. 

*The corpuscles are, however, permeable for alcohols, free 
acids, and alkalies, ammonium salts and urea. 
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The tube is then placed horizontally in a rapid centrifuge and 
rotated so that the corpuscles are thrown to the outer end. 
The graduation mark at which the column of corpuscles stands 
is then noted. 

In another tube a drop of the same blood is mixed with 
an equal volume of the fluid whose molecular concentration 
it is desired to determine. The exact amount of blood and 
fluid taken is read off from the graduations of the tube. The 
two fluids are then sucked into the wide part of the tube and 
mixed by means of a fine platinum wire. The tube is then 
closed and centrifuged. If the corpuscles stand at the same 
level as for blood alone, then we know that the solution is 
isotonic with the blood-corpuscles, which means that they 
must also be isotonic with the plasma. If the column of cor- 
puscles be longer, then we know that their volume must have 
been increased, and that the fluid under examination is hypo- 
isotonic. If the column of corpuscles be shorter, the solution 
is hyperisotonic. 

MOLECULAR WEIGHT OF SUBSTANCES IN SOLUTION, 

Is there then no easily measurable physical property 
of solutions which depends on their molecular concen- 
tration, and which will, therefore, bear a relationship 
to the osmotic pressure? It has been found that the 
temperature at which a solvent freezes is lowered 
when a substance is dissolved in it, and that the amount 
of this lowering, or depression of freezing-point, is propor- 
tional, not, in general, to the chemical nature of the 
substance, but to the number of molecules of substance 
dissolved in a given volume. (The same holds true for 
the elevation of boiling-point, but this method will not 
be described here.) This being so, it follows that all 
gram-molecular solutions in the same solvent must 
lower the freezing-point to an equal extent. The de- 
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pression of freezing-point produced by a gram-molec- 
ular quantity of a substance dissolved in 1000 gm. of 
the solvent varies for different solvents: 

Depression of 
freezing-point. 

For water 1.85° 

" benzol 5.00*" 

" phenol 7.20° 

'' acetic acid 3.90° 

These figures represent the depression of freezing-point 
produced by a gram-molecular solution ^ in the different 
solvents and are called their constants or C. They 
correspond, therefore, to an osmotic pressure of 22.4 
atmospheres. 

The apparatus in which the freezing-point determina- 
tions are made is known as Beckmann's. This consists 
of a large test-tube, to contain the substance, suspended 



^ Attention must be called to the fact that such solutions (a 
gram-molecule dissolved in 1000 gm. of solvent) will vary 
somewhat from a true gram-molecular solution (see p. 41), 
firstly, because with solvents other than water 1000 gm. is 
either more or less than 1000 c.c, and, secondly, because many 
substances on going into solution cause increase (a few cause 
decrease) of volume, for example, 1 gm. of cane sugar dis- 
solved in 100 gm. of water gives 100.6 c.c. of solution. In 
taking the weight of the solvent instead of the volume of the 
solution, Raoult's example has been followed by chemists. 

An interesting explanation of the fact that C is quite different 
for different solvents is furnished in Raoult's extension of his 
law: if a gram-molecule of a compound be dissolved in 100 
gram-molecules of solvent (except water), the. freezing-point 
of the latter will be depressed by about 0.62°. 
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in a somewhat larger test-tube, so as to form an air- 
jacket between the two tubes. The outer test-tube is 
placed in a freezing-mixture of iced water and salt 
contained in an earthenware jar 
(which has been wrapped round 
with flannel to diminish the heat- 
conduction). The freezmg-mix- 
ture is stirred with a loop of wire 
as represented in the diagram. 
In the inner test-tube is suspend- 
ed the bulb of a Beckmann ther- 
mometer. This thermometer does 
not give absolute readings of 
temperature as does an ordinary 
thermometer. It is used only for 
demonstrating the difference in 
temperature at which two solu- 
tions freeze, or with certain modi- 
fications it may be used to tell the 
different temperatures at which 
two solutions boil. Before using 
the thermometer for freezing- 
point demonstrations the menis- 
cus of the mercury column must be adjusted so that 
it stands within the scale (high up) at the tempera- 
ture at which the solvent used freezes or crystallizes. 
To make this adjustment the bulb of the thermometer 
is placed in iced water, and if it be found that there is 
too much mercury to bring the meniscus within the 
scale, then the upper end of the thermometer is tapped 
with the fingers so as to cause the mercury at the top 
of the reservoir, which is connected with the upper end 




Fig. 17. 
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of the thermometer tube, to fall to the bottom and so 
to become discomiected from the mercury column in 
the thermometer tube. Should the meniscus of mer- 
cury stand below the scale at the freezing-point of water, 
or of the other solvent used, then the thermometer 
must be inverted, and, by tapping, more mercury can 
be added to that in the tube. 

For making the actual freezing-point determination 
the inner tube of the apparatus is partly filled with 
the solution under examination so that the latter comes 
a little above the bulb of the thermometer (see fig. 17). 
The tube is then placed directly in the freezing-mixture 
until the mercury, having fallen to its lowest level, be- 
gins to rise again, after which the tube is removed from 
the freezing-mixture and placed in the larger test-tube, 
as before described. The cooling is then proceeded 
with until the meniscus of mercury stands at a constant 
level. During cooling, the fluid is kept constantly in 
motion by means of a platinum wire, bent into a loop 
as shown in the diagram. The reading is taken when- 
ever constant and compared with the reading obtained 
when pure water (or whatever other solvent is used) 
is frozen. This difference is designated by A} 

Since this constancy of C, for any given solvent, is 
the point on which the method depends, the following 
experiment should be performed to demonstrate that 
for water C has the value given to it above. 



* Care should be taken that the supercooling is not excessive. 
If this be so, a correction is necessary. For aqueous solu- 
tions 1.25% of A is subtracted from the observed reading 
for each degree centigrade of supercooling. 
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Experiment. Weigh out a quantity of pure dry 
urea corresponding to one tenth its molecular weight 
in grams (i.e., 6 gm.); dissolve this in 100 c.c. of dis- 
tilled water in the measuring flask at the temperature 
of 15®. Compare the freezing-point of this solution, 
corrected for supercooUng, with that of pure water. It 
will be found to freeze almost exactly at 1.85° lower 
than that of water. 

In determining the molecular weight of any sub- 
stance we must first of all choose the most suitable 
solvent for it, and, in an accurately weighed quantity 
of this, dissolve an accurately weighed quantity of the 
substance under examination. Knowing what C for 
our solvent is, — in other words, through how many 
degrees centigrade the freezing-point of our solution 
would be lowered were a gram-molecular quantity per 
1000 gm. of solvent taken, — if we find the freezing- 
point actually lowered to a less extent than this, we 
know that less than a gram-molecule must have been 
dissolved, the actual amount less than this being pro- 
portional to the difference from C recorded by the 
thermometer. In other words, the depression ob- 
served, represented by i, is to C as the strength of 

, ,. , /weight of substanceX . ^ ,, , r 

the solution used I — ^-rn — ? — i r~ ) is to that of a 

\ weight of solvent / 

gram-molecular solution (or rather a solution containing 

a gram-molecule dissolved in 1000 gm. of solvent, 

see foot-note, p. 46). 

o n 

m=y x-7, where S equals the weight of substance 

o 

used in grams; L, the weight of solvent in grams, jj 
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, gives a decimal fraction expressing what 

of the substance is dissolved in 1 gm. of 

efore, to calculate the gram-molecule (the 

olved in 1000 gm. of solvent), m must 

by 1000, and M equals the molecular 

equation M = -^ x t X 1000. For example, 

Li a 

:e the determination in the following experi- 



ExPERiMENT. Make an accurate 1 per cent solution 
of pure cane sugar, estimate A ; this will be found to be 
about 0.054°. The molecular weight of cane sugar is, 

1 1 85 
therefore, M = —x-^X 1000 = 342.5. From its for- 
mula, C12H22O11, it should be 342. 

IONIZATION. 

The method is not, however, applicable to all sub- 
stances, even though they be readily soluble in the 
above-mentioned solvents. This is on account of the 
fact that in the case of those the extent to which 
a gram-molecular -quantity per 1000 gm. of solvent 
lowers the freezing-point is greater than C. Practi- 
cally all metallic salts and most acids and bases when 
in aqueous solution are included in this category. To 
demonstrate this let us determine the depression of 
freezing-point produced by a gram-molecular solution 
of sodium chloride. 

Experiment. Weigh out one tenth the molecular 
weight of pure sodium chloride in grams and dissolve, 
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as in the case of urea, in 100 c.c. of pure distilled water. 
Determine the depression of the freezing-point in Beck- 
mann'^ apparatus. It will be found to be consider- 
•ably greater than 1.85 (viz., about 3.35). 

Knowing that 1.85 is J for a gram-molecular solution, 
it is easy to calculate how many gram-molecules per 
litre {X) a i of 3.35 will represent, thus: 

1.85:1: :3.35:X; X-1.8. 

To ascertain the actual osmotic pressure of the sodium 
chloride solution we must accordingly multiply 22.4 
atmospheres by 1.8. This gives us about 40 atmos- 
pheres. This factor is known as the isotonic coefficient 
and is represented by the letter i. 

What then is the cause of this deviation from the 
law? The answer to the question is furnished by 
comparing the electrical conductivity of the two classes 
of solutions. Solutions of those substances which 
obey the above law will be found to be bad conductors 
of electricity — non-electrolytes, — ^whereas solutions of 
those substances which do not obey it will be found to 
be good conductors — electrolytes. This discovery, viz., 
that solutions which conduct electricity appear, from 
the determination of J, to have a greater number of 
molecules than those which do not conduct, has led 
chemists to the conclusion that certain of the molecules 
in such solutions must split up into smaller molecules, 
called ionSy and that it is only when this dissociation 
of molecules into ions takes place that it is possible for 
the solution to conduct electricity. In fact, our whole 
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conception of the conduction of electricity in solutions 
is based on this hypothesis. It is supposed that every 
molecule of substance is charged with positive and 
negative electricity, which in the intact molecules so 
neutraUze one another that we do not appreciate either. 
When these molecules are suspended in solution, how- 
ever, they show a greater or less tendency to spUt up 
into ions, one set of which carries positive electricity 
and the other negative electricity. These ions wander 
about the solution much as if they were independent 
molecules. 

When an electrical ciu-rent is passed through a 
solution which has undergone dissociation into ions, the 
ions tend to collect at the two poles and yield up their 
electrical charges. Those which collect around the 
positive element or anode are called anions, and those 
collecting around the negative element or kathode 
are called kations. Anions are charged with negative 
electricity, and kations with positive electricity. Ex- 
amples of anions are oxygen and the acid portion of 
salts, for example SO4, CI, etc.; the kations include 
hydrogen and metals. 

When solutions of acids undergo ionization, the 
kation H is that which confers the acidic properties to 
the solution. An un-ionized acid does not act like 
an acid; for example, H2SO4 dissolved in toluene does 
not ionize and will not give off hydrogen in the presence 
of zinc. On the other hand, hydrogen itself, as the gas 
or in solution, shows no acid properties. We must 
assume, therefore, that the hydrogen ion is something 
different from the hydrogen atom. The same is true 
for other ions: they are not the same as the free elements 
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or groups of elements; they are particles with opposite 
electrical charges which behave like molecules. 

It is usual to designate the various ions by their sym- 
bols, aflixed to which is the sign • for kations (e.g., H'^ 
Na', etc.) and ' for anions (e.g., CI', NO3', etc.). Some 
ions must carry two or more units of electrical charge, 
however, for otherwise in the case of such a substance as 
H2SO4 there would be an excess of positive electricity 
in the molecule. The ion SO4 must therefore carry 
two charges of negative electricity and be represented 
by the sign SO4". The valence of the ion usually agrees 
with the number of unit charges of electricity which it 
carries. 

The isotonic coefficient therefore expresses the degree 
to which the molecules have become split up into ions. 
For molecules whic6 can yield only two ions it cannot 
be greater than 2, but for those splitting into more 
than two ions it may exceed this number. In the con- 
centration of a 1 per cent solution it is 1.82 for KCl, 1.67 
for KNO3, 2.11 for K2SO4, 2.18 for Na2C03, and so on. 

The amount of dissociation that a salt or acid under- 
goes in solution depends very largely upon the dilution: 
the greater the dilution, the greater the dissociation, 
and therefore the higher the isotonic coefficient.^ For 
example, the isotonic coefficient of a 0.27 per cent solu- 
tion of sodium chloride is 2, as against 1.9 for a 1 per 
cent solution. 

Occasionally, when a substance is dissolved, instead 

* For example, a solution of 0.03618 gm. HCl per litre 

/ N \ 

(about f^^j is completely dissociated. 
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of dissociation there occurs a fusion of several of the 
molecules. In such a case the freezing-point or boil- 
ing-point method would give too high a molecular weight. 
This tendency to form complex molecules most fre- 
quently manifests itself with organic substances con- 
taining hydroxyl or cyanogen groups, and when chloro- 
form or benzol is the solvent. 

COLLOIDAL SOLUTIONS. 

When solutions are dialysed (see p. 17) it is found 
that certain substances in solution diffuse through the 
parchment membrane into the water outside the dialyser, 
while others do not. The former are called crystaUmdSy 
and the latter coUoids. Of these it is only the crystal- 
loids that obey the laws above described. Colloidal 
solutions have practically no osmotic pressure. From 
a bio-chemical point of view, however, such solutions 
are of vast importance, sinc^ most of the tissue fluids 
contain colloids in solution. Colloidal solutions may 
exist in two forms, as liquids (called hydrosols) and as 
jellies (called hydrogels)} A hydrogel allows crystal- 
loids to diffuse through it as readily as through water. 

The essential feature of colloidal solutions is the large 
size of the molecules or aggregates of molecules. These 
are especially large in hydrogels, but they may be broken 
up into smaller aggregates by warming; hence a hydrogel 
becomes a hydrosol by the aid of heat. These molecules 
(or aggregates), it is claimed, can often be seen, or 

^The terms hydrosol and hydrogel apply only to aqueous 
solutions. Colloidal solutions can be produced with other sol- 
vents than water. 
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at least their presence can be revealed, by the use of 
the ultra apparatus. By means of this an intense 
beam of light is thrown through the solution, and 
examination is made with a very high-power microscope 
placed at right angles with the path of the light. The 
molecules so divert the light that some of its rays pass 
into the microscope. Many colloidal solutions, however, 
do not influence the beam of light, so that it is im- 
probable that colloidal solutions are mere suspensions 
of the colloid in water, as some have supposed. 

The following are three of the most important proper- 
ties of colloidal solutions: 

1. Their absorptive power both for dissolved sub- 
stances and for gases. Thus when a colloidal solution 
of ferric hydroxide is shaken with a solution of arsenious 
acid, the latter is taken up by the ferric hydroxide. On 
this account ferric hydroxide is the antidote to use m 
arsenical poisoning. The presence of colloids (proteid 
or dextrin) in beer greatly increases its power of taking 
up carbon dioxide gas. 

2. When an electric current is passed through a mixed 
colloidal solution some colloids migrate to the anode, 
others to the kathode. All the molecules of a given col- 
loid migrate to the same pole. They therefore behave 
like electrically charged particles, and this electricity 
being of the same sign, it causes the molecules in a 
colloidal solution to repel one another and therefore 
to keep apart. 

3. When mixed with electrolytes or with other 
colloids they are readily precipitated. The precipitat- 
ing power of the electrolyte seems to depend upon the 
electrical charge of its ions. This electricity neutralizes 
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that of some of the colloidal particles, ^o that they do 
not now repel one another, and in consequence they 
come together to form larger aggregates which are 
precipitated. This explains the precipitation of proteids 
by neutral salts, etc. When two different colloidal 
solutions are mixed together in proper proportion a 
precipitate forms, the precipitate consisting of both 
colloids. The process which ensues in this case is one 
of absorption of one set of particles by the other set. 

MOLECULAR WEIGHT DETERMINATION BY ANALYSIS 
OF DERIVATIVES, 

The molecular weight of a substance can also be 
deduced from a quantitative analysis of its deriva- 
tives. This method is most easily applied to acids 
and bases. Take, for example, a simple acid, such 
as acetic. By analysis, its formula might be C2H4O2, 
or any multiple thereof. By forming its silver salt 
and estimating the amount of silver in it, this will be 
found to be 64.6%. Now, knowing that the atomic 
weight of silver is 107.9 and that it is monovalent, 
and having ascertained that only one silver acetate 
occurs (showing that the acid is monobasic), we can 
see what formula agrees with this proportion of silver 
in silver acetate. If we take C2H302Ag as the formula, 

107 9 
the per cent of silver will be 1 ctaa X 100 =64.6%, 

whereas if CsHsOsAg is the proper formula, there 
would be 54.8% of silver; therefore the first formula 
is correct. In the case of bases, their chlorplatinates 
have beien found to be the most suitable compounds to 
form for this purpose. 



CHAPTER V. 

FORMULiG, EMPIRICAL AND STRUCTURAL. 
ISOMERISM. 

A KNOWLEDGE of the percentage composition and of 
the molecular weight of a substance, as we have seen, 
enables us to assign to it a formula indicating the num- 
ber of atoms of each element present in the molecule. 
This is called the empirical formula. But it often 
happens that several organic substances with very 
different properties may have the same empirical 
formula. For example, there are no fewer than eighty- 
two compoimds with the empirical formula C9H10O3. 
Such bodies having the same empirical formula are 
called isomers, or, more particularly, metamers (same 
percentage composition and molecular weight), in 
contrast to polymers, which have the same percentage 
composition but different molecular weights. It is 
evident, therefore, that a more detailed formula is 
necessary — a formula, namely, in which the relations 
of the various atoms to one another (i.e., the grouping 
of the atoms) are indicated. Such a formula is called 
the structural formula^ It is ascertained by acting 
on the substance with reagents which decompose it 
into simple bodies that can be identified ; in other words, 
we must tear the molecule apart. After some knowl- 

57 
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edge has been gained as to what simpler groups of 
atoms the body is composed of, an attempt is made to 
build up the substance by causing the simpler groups 
to unite together, i.e., by synthesizing the substance. 
If the synthesis is successful, the structure of the 
molecule is proven. 

We see then that the structural formula is not only 
a graphical expression of the actual nimiber of the 
various atoms present in a molecule of the substance, 
but it is also an epitome of the more important reactions 
of the substance. 

In the chapters which immediately follow this one, 
the methods by which the various facts indicating the 
structure of the molecule are discovered will be fully 
explained (see especially acetic acid, p. 116). When we 
come to study the more complex substances, we shall 
find that even the structural formula does not always 
suffice to differentiate the substance, since, indeed, there 
may be several bodies having the same structural 
formula. In such cases it is supposed that the cause 
of the difference lies in the order of arrangement of 
the atoms in space. This subject will be found de- 
scribed in connection with lactic and tartaric acids 
(pp. 167 and 174). 

Before starting with a systematic study of the com- 
pounds of carbon the student should bear in mind the 
extreme importance of the structural formula; he 
should never allow one to pass him without thoroughly 
understanding why it is so written. If he conscien- 
tiously follows this advice, he will soon find that organic 
chemistry is by no means the uninteresting and discon- 
nected subject so many students think it to be. 
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SYNOPSIS OF CHAPTERS I-V. 

Determination of the Chemical Character of an 
Organic Compotmd. 

1. Purification. 

(a) Methods. 

(6) Tests of purity. 

2. Identification. 

(a) Physical properties. 
(6) Elementary anai3rsis. 

3. Empibical formula. 

(a) Elementary analysis. 

(6) Molecular weight determination. 

4. Structural formula. 

(a) Reactions to detect presence and relative 
placing of atoms and groups of atoms in the 
molecule. 

(6) Synthesis of the molecule. 



CHAPTER VI. 
PRELIMINARY SURVEY OF ORGANIC CHEMISTRY. 

Before attempting to study the various organic 
substances individually, it is essential that we possess 
a general idea of their relationships to one another. 
Their number is so great that, did we attempt to re- 
member the properties and reactions of each organic 
substance separately, we should utterly fail, and should, 
moreover, probably overlook one of their most im- 
portant characteristics in contrast with inorganic 
substances, viz., their transmutability into other 
organic compoimds. In inorganic chemistry it is im- 
possible to convert the compounds of one element into 
those of another element, except by substituting the 
elements. Each element has its own fixed chemical 
properties and compoimds. In organic chemistry, on 
the other hand, as remarked above, we may consider 
all our substances as compounds of the element carbon 
and as being, therefore, convertible into one another. 

As is natural, we select as our basis of classification 
the very simplest organic substances, namely, those 
which contain carbon along with one other element. 
From our studies in inorganic chemistry we know that 
there are several elements with which carbon may 
be thus combined, e.g., with oxygen in CO2, with 

60 
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Sulphur in CS2, etc. We do not, however, consider 
these as organic compounds, the simplest organic 
compounds being those in which carbon is combined 
with hydrogen or with nitrogen. 

In union with nitrogen, carbon forms cyanogen 
(CN (in the free state C2N2), which is the lowest member 
of a group of compounds including hydrocyanic acid, 
HCN, cyanic acid, HCNO, sulphocyanic acid, HCNS) 
and the substituted ammonias. 

In union with hydrogen, carbon forms the so-called 
hydrocarbons (i.e., hydro(gen) carbons). Practically all 
the remaining carbon compounds may be considered as 
derived from these. 

The quantitative relationship between C and H in 
hydrocarbons is variable, so that we are enabled to sub- 
divide hydrocarbons into several groups. If we express 
the hydrogen in terms of its proportion to carbon, we 
shall find that all the hydrocarbons group themselves 
into several series,' four of which are of importance. 
The general formulae for the four series or groups are as 
follows : 

(1) CnH2n+2 (3) CnH2n-2 

(2) CnH2n (4) C„H2n-6 

(n designating the number of C atoms). 

It will, moreover, be found that it is to the first 
and fourth of these groups that the great majority of 
hydrocarbons belong. 

If, now, we investigate the behaviour of the members 
of these four groups towards hydrobromic acid, we shall 
find that members of the first and fourth groups do not 
readily react, whereas those of the second and third do; 
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indeed, that these directly combine with the reagent 
by addition, i.e., without chemical substitution. We 
may, therefore, further subdivide our four groups into 
two, viz., saturated (1st and 4th) and unsaturated ^ (2d 
and 3d). 

Of the two saturated groups it will be found that 
the members of the 4th group have an aromatic odour, 
whereas those of the 1st do not. The members of the 
4th group are hence often styled aromatic compounds, 
and on account of the fact that the members of the 1st 
group are very resistant towards chemical reagents they 
are called paraffins {parum affinis). 

On account of their properties, then, we may amplify 
our classification into paraffins (1st group), unsaturated 
compounds (2d and 3d), and aroniatic bodies (4th) .^ 
Compounds of the first three groups make up the 
ALIPHATIC or FATTY DIVISION of Organic chemistry. 

The compounds and derivatives formed by the vari- 
ous hydrocarbons of each of these groups are, in general, 
analogous, although the reactions by which they are 
produced may differ somewhat. If we understand 
the chemistry of the most important derivatives of one 
hydrocarbon in each group we shall be able to infer 
approximately what the derivatives and reactions of 
all the other members of the group will be; and further, 
when we come to study the hydrocarbons of the other 
groups we shall find many of their compounds quite 
similar to those already met with. 

From these preliminary remarks it will be evident that 

* Only unsaturated compounds can form addition products. 

'The groups are also sometimes named from the lowest 

member of each, e.g., methane group, benzene group, etc. 
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we must first of all take one group, and, having shown 
the relationship of its various members to one another, 
then study carefully the derivatives of some one or two 
of these members. 

Let us take the paraffins. They have the general 
formula C„H2„+2- The following is a list of the most 
important members: 

Methane, CH4 Butane, C4H10 

Ethane, C2H6 Pentane C6H12 

Propane, CaHg Hexane, C6H14 

It will be noticed that each differs from the one 
preceding it by CH2. They all form the same kind 
of derivatives, differing from one another again by CH2- 
thus the hydroxide or alcohol of methane has the 
formula CH3OH, and of ethane C2H5OH. Such a 
series is called an homologovs series {cf. nitrogen ''oxides 
series). 

Let us consider why it should be that the increase 
of complexity is by CH2. To understand this we must 
remember that C is considered to have a valence of 
four; that, in other words, an atom of it can combine 
with four atoms of a monovalent element such as H, 
and that each of these valence bonds has exactly the 
same combining value. We may therefore write the 
structural formula for methane as 

H 

I 
H-C-H. 
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When two methane molecules fuse together a hydrogen 

atom of each disappears and the liberated valence 

H H 

I i 
bonds unite as represented in the formula H — C — C — H. 

I I 

H H 

Since each of the four valence bonds of C has the 

same value it will be obvious that only one propane can 

exist : that we can write only one structural formula for 

H H H 

I I I 
it, viz., H — C — C — C — H. But we may have two vari- 

III- 

H H H 

eties of the next member of the series, viz., butane, 
for, in adding an extra CH3 group to propane, 
we may add it either to the central C atom of the 

H 

I 
HH— C— HH 
chain or fo one of the end ones, I I I > 

H— C^-C C— H 

I I I 

H H H 
H H H H 

I I I I 
H — C — C — C — C — H, and the properties of the cor- 

I I I I 
H H H H 

responding body will vary accordingly; in other words, 

it makes a difference when the extra CH3 group 

is tacked on to a C atom in union with two H atoms 

(as is the case with the central atom), and when on to one 

with three H atoms (as in the case of an end atom). 
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When the substitution occurs in the centre of the 
chain the resulting body is called an iso-compound; 
when at the end it is normal. Such an iso-compound 
therefore contains a branched chain. Now, this 
isomerism applies not only to the methyl deriva- 
tives of propane — for butane may be considered as 
such — but also to all its derivatives, e.g., chlorides, 
hydroxides, etc. 

By using models instead of formulae these points can 
be still more clearly demonstrated: thus we may con- 
sider C as occupying the core of a tetrahedron (made 




Noimal butane 



Isobutane 



of wood), the four solid angles of which represent mono- 
valent combining affinities, these angles being covered 
in the model by pyramidal tin caps representing H 
atoms (see fig. 22, p. 174). By removing an H cap from 
two models of methane and joining the two tetrahedra 
together by the bared angles we obtain the model of 
ethane. And if by removing another H cap from 
ethane we unite three such tetrahedra we obtain the 
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model of propane. It does not matter which of the 
H caps we remove m these manipulations; the resulting 
ethane or propane models are always the same. When 
we proceed to add another tetrahedron to propane, how- 
ever, it will be evident that this can be done in either 
of two ways, by attaching it either to one of the end 
tetrahedra or to the central one; in the former case the 
model will represent normal butane, and in the latter 
isobutane; and so with the other homologues. 

We may also describe this progression from one hydro- 
carbon to the next higher as being due to the replace- 
ment of the H atoms of the former by the group CH3, 
called methyl. 

Now we may proceed with the derivatives of the 
paraffins. These are produced by the replacement of 
one or more of the H atoms of the simple hydrocarbons 
by various elements or groups of elements. Since, as 
explained, these derivatives are, in general, the same 
for each member of a series, we may choose any one 
of these and confine our attention for the present to 
its derivatives, remembering always that the corre- 
sponding derivative of any other member of the series 
will differ from it by just as many CH2 groups as did 
the original hydrocarbons differ from one another. 

In inorganic chemistry the halogen compounds, the 
oxides, and the hydroxides are among the most im- 
portant compounds of an element, and the same applies 
to the hydrocarbons: each has halogen derivatives, 
oxides (ethers), and hydroxides (alcohols). Beyond 
these, however, the analogy breaks down, for whereas 
an inorganic hydroxide is an ultimate product and 
cannot be further oxidized, an organic hydroxide (or 
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alcohol) can be oxidized so as to yield various substances 
according to the extent of the oxidation and the nature 
of the alcohol started with. We may, therefore, clas- 
sify our derivatives thus: 

Halides. 

Oxides or ethers. ■ 
Hydroxides or alcohols. 
Oxidation products of alcohols. 

Halides. When the paraffins are brought into contact 
with chlorine, substitution of one or more of the H 
atoms occurs. Thus, taking methane, we may have 
monochlormethane, dichlormethane, trichlormethane 
(chloroform), and tetrachlormethane. In connection 
with the monohalogen substitution products it should 
be pointed out that they may be considered as de- 
rived from a halogen acid, the H of the acid having 
been replaced by a hydrocarbon minus one of its. H 
atoms. The general term for all such groups is alkyl, 
and the specific names for the alkyls are methyl (CH3-), 
ethyl (C2H5-), propyl (C3H7-), and so on. An alkyl is, 
therefore, analogous with a monovalent element or 
with NH4-. 

Halogen atoms may likewise displace one or more 
of the H atoms of the alkyl radicle when this latter is 
already in combination with some other substituting 
group. Thus, chloral is trichloraldehyde, CCI3CHO, 
aldehyde being CH3CHO. 

Oxides (or ethers). Since oxygen combines with two 
atoms of a monovalent element, as in sodium oxide, 
Na20, the lowest alkyl oxide will have the formula 
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pxT^/O. To this group belong the ethers, common 

ether being §3^^' 

Hydroxides (or alcohols). When one of the H atoms 
of methane is replaced by hydroxyl, OH, methyl alcohol 
H , H 



I-^— OH, 



is formed. ITius H — C — H becomes H— C — OH, and 

I 
H H 

it does not matter which of the H atoms is thus replaced, 

the resulting compound being always the same. 

The same is true for ethane and its alcohol, ethyl 
alcohol, CH3— CH2OH. 

When we come to form the alcohol from propane, 
however, we encounter conditions analogous with those 
which exist when butane is formed from propane 
(see p. 65); we may add the OH group to a C atom 
of -propane which is in combination with three hydrogen 
atoms or to one in union with two such, and the result- 
ing product, as we have seen, will exhibit different prop- 
erties. Consequently we have two forms of propyl 
alcohol. Of these the OH group in the one is attached 
at the end of the chain, CH3 — CH2 — ^CH20H; in the 
other it is attached in the middle of the chain, 
OH 

I The former is called a primary 

CH3 — CH — CH3. 
alcohol, the latter a secondary alcohol. 

In the case of butane, we may have the hydroxyl 
radicle at the end of the chain, CH3 — CH2— ;CH2 — CH2OH 
(primary butyl alcohol); or attached to a C atom in the 
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centre of the chain with one other H atom attached to . 

it, CH3 — CH2 — C!H<^TT (secondary butyl alcohol); or 

— a, third possibility — the hydroxyl radicle may be 
attached to a C atom which is not directly combined 

CH3 

with any other H atom, thus CH3 — C — OH (tertiary 

CHs 

butyl alcohol). 
There are, therefore, thre^ varieties of these alcohols: 

1. Primary, containing the group — CH2OH 

2. Secondary, '' /' '' — CHOH— 

I 

3. Tertiary, '' '' '' — C— OH 

I 
The essential chemical difference between these is that 

when oxidized they yield different products. These 
we shall consider immediately. 

In all these alcohols only one hydroxyl radicle is 
present: they are analogous with hydroxides of mono- 
valent elements such as sodium (thus NaOH is analo- 
gous with CH3OH). Just as in inorganic chenjistry, 
however, we may have hydroxides with two hydroxyls, 

e.g., C!a<(^TT, so may we have alcohols with two 

CH2— OH 
hydroxyls, e.g., | . Similarly, there are alco- 

CH2— OH CH2— OH 

i 
hols containing three hydroxyl groups, e.g., CH — OH, 

CH2— OH 
yOH 
which are analogous with Al^-OH. 

\0H 
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Alcohols, like hydroxides in general, have the power 
of neutralizing acids to form salts. Thus, sodium 
hydroxide reacts with HCl in accordance with the 
equation NaOH-l-HCl = NaCl-l-H20: and taking an 
alkyl hydroxide (alcohol) instead of an alkaline hydrox- 
ide, we have R0H+HC1 = RC1+H20 (R = alkyl).i 
They can react in this way with organic acids, the 
resulting body being known as an ethereal salt (see 
p. 125). 

An alcohol with only one hydroxyl group is called 
monacid,^ because it can react with only one molecule 
of a monobasic acid; those with two such groups are 
called didcid; those with three are called triacid. The 
monacid alcohols are by far the most numerous; there 
is only one diacid alcohol (glycol) of importance and 
one triacid alcohol (glycerol). 

Oxidation Products of Alcohols. As has been men- 
tioned (p. 69), the division into primary, secondary, and 
tertiary alcohols is warranted by the difference of their 
behaviour on oxidation. 

Primary alcohols yield on oxidation aldehydes 

and acids. 
Secondary alcohols yield ketones. 
Tertiary alcohols, when oxidized, break up into 
lower compounds. 

The oxidation products that we must consider are^ 
therefore, aldehydes, acids, and ketones. 

A. Aldehydes. When methyl alcohol, CH3OH, is 
oxidized, one of the H atoms of the methyl radicle 

* Alcohols, however, are not really basic in the same sense 
as are metallic hydroxides. 

'The terms monatomic and monohydric are also used. 
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becomes replaced by hydroxyl, so that a body having the 
formula CH2(0H)2 would tend to be formed. But such 
a body having two hydroxyls directly attached to a C 
atom cannot exist, and it immediately breaks up, giving 

H 
off water, thus: | .oiHl' leaving a body having the 

formula H — C^^. This is an aldehyde, and the group 

— C^Q is known as the aldehyde group. The CO por- 
tion of this group is called carbonyl. Each hydro- 
carbon has a corresponding aldehyde. 

B. Acids. When an aldehyde is further oxidized it 
absorbs oxygen and forms a body having the group 
COOH, which is called the carboxyl group (from 
carb[onyl hydr]oxyl) and is the characteristic acid 
group of organic compounds: 

H.CHO+0 = H.COOH. 

(Formic aldehyde) (Formic acid) 

The H atom of this carboxyl group can be replaced 
by an atom of a monovalent metal to form a salt, thus: 
HCOONa, sodium formate. Instead of a metal, an 
alcohol may replace this H atom, the resulting com- 
pound being called an ethereal salt, thus: H 00002116, 
ethyl formate. Such an acid can form only one salt • 
it is monobasic. 

If two carboxyl groups be present the resulting acid 
is dibasic. The lowest dibasic acid corresponding to 
the simplest diacid alcohol is oxalic, having the formula 
COOH 

I . Like dibasic acids in general, these aqids 
COOH 
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can form two series of salts, in one of which only one 

COOK 
carboxyl group reacts, | (acid potassium oxalate), 

COOH 

COOK 
and in the other, both, | (neutral potstssium oxa- 

COOK 
late). Tribasic organic acids also exist, but are 
unimportant. 

C. Ketones. When a secondary alcohol is oxidized 
it forms a body having the group — CO—, which is 
called a ketone : 

CH3— CHOH— CH3 + = CH3— CO— CH3 +H2O. 

(Secondary propyl alcohol) (Acetone) 

The nitrogen derivatives are divided into three 
classes — cyanogen, ammonia, and nitro-compoimds. 

As we have inorganic cyanides, as KCN, so we have 
organic cyanides^ as CH3CN, methyl cyanide. 

There are several kinds of ammonia derivatives. 
One hydrogen atom of NH3 may be replaced by an 
organic radicle, leaving the group NH2, which is called 
the amido- or amino-group. Two hydrogen atoms may 
be displaced, leaving NH, called the imido-group. All 
three hydrogen atoms may be displaced, leaving only 
N; such compounds are called tertiary bases. Or we 
may have the hydrogens of ammonium (NH4) in 
NH4OH displaced, as in the quaternary bases. 

The nitro-compoimds have the group NO2. 

Sulphur derivatives may take the place of oxygen in 
an alcohol or ether, giving sulphur alcohols (mercaptans), 
as CH3SH, and sulphur ethers, as CH3 — S — CH3. 
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Sulphonic acids contain the group SO3H instead of 
carboxyl. 

As MIXED COMPOUNDS we class (1) hydroxy-acids, 
(2) amino-acids, acid amides, and certain complex 
amido- and imido-compoimds, and (3) carbohydrates. 

The hydroxy-acids contain one or more hydroxyls 
besides that In carboxyl. 

The amino-acids contain both the NH2 and COOH 
groups. Acid amides have the OH of carboxyl sub- 
stituted by an NH2 group. 

The carbohydrates contain alcohol groups and one 
or more aldehyde or ketone groups. 

Finally, unsaturated hydrocarbons, having the 
linkings C=C and C=C, and their derivatives, will 
conclude the chemistry of fatty compounds. 

The last great division of organic chemistry, that of 
the AROMATIC OR BENZENE COMPOUNDS, cau be Con- 
sidered but briefly in this book. 

SYNOPSIS. 
L Fatty or Aliphatic Compotmds. 
A. Saturated hydrocarbons. 
Paraffins, C»H.«+2. 
Paraffin derivatives. 

1. Halogen substitution products. 

2. Oxides or ethers. 

3. Hydroxides or alcohols. , 

a. Monacid alcohols. 

(1) Primary alcohols, group — CHjOH. 

Oxidation J Aldehydes, — CHO. 

products \ Acids, — COOH. 

(2) Secondary alcohols, — CHOH. 

Oxidation \^ . r^r\ 

J ^ i Ketones, — CO — • 
product ( 
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(3) Tertiary alcohols, — COH. 

b. Diacid alcohols. 

Oxidation i Aldehydes, 
products ( Acids. 

c. Triacid to hexacid alcohols. 

Oxidation f Aldehydes, 
products ( Acids. 
4. Nitrogen derivcUives. 

a. Cyanogen combinations. 

6. Ammonia combinations (amido-group, 

NH2; imido-group, NH, etc.). 
c. Nitro-compounds. 
6. Sulphur derivatives. 
6. Mixed compounds. 

a. Hydroxy-acids. 

b. Amino-acids, acid amides, and other 

similar compounds. 

c. Carbohydrates. 
B. Unsaturated hydrocarbons. 

1. Ethylenes, CnHan (— C=C— ). 

2. Acetylenes, C«H2»-2 ( — C=C — ). 

II. Aromatic Compounds. 

A. Benzene hydrocarbons, CnH2n-6. 
Benzene derivatives (see synopsis, p. 326). 

* As will be explained later, the group of cyclic hydrocar- 
bons and the terpenes (see p. 235) is really an intermediate 
class of compounds between the fatty and the aromatic, and it 
would naturally be inserted in the synopsis after C. To avoid 
confusion we say nothing about these compounds in this 
chapter. 



CHAPTER VII. 

SATURATED HYDROCARBONS. THE METHANE 
SERIES. 

Methane (CH4) can be synthesized from the elements 
in several ways: 

(1) A small quantity of CH4 can be produced directly 
from the elements by passing a stream of hydrogen 
between the glowing carbon tips of an electric arc- 
light (see acetylene, p. 233). 

(2) By producing carbon disulphide (CS2) and 
hydrogen sulphide (H2S), and allowing a mixture of 
them to act on heated copper: 

CS2 +2H2S +8Cu =CH4 +4CU2S. 

(3) By the action of water on aluminium carbide: 

AI4C3 -f-12H0H =3CH4 -f 4A1(0H)3. 

THE PARAFFINS OR MARSH-GAS SERIES, CnH^n^. 

Having obtained methane, the other members of the 
series may be built up from it by first of all producing 
its halogen substitution products and then reacting on 
these with metals, thus: 



CH3JI +Na| + iNa+IjC H3 =CH3 CHs +2NaI, 

(Methyl iodide) (Ethane) 

75 
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CH ajI+Na } +|NaTii:iC2H5 ^CHa-CHaCHai +2NaI; 

(Methyl iodide) (Ethyl iodide) (Propane) 

also with zinc methyl, thus: 



2CH3II +Zni(CH3)2 =2CH3CH3 +Znl2, 



(Zino methyl) 



2C2H6iI +Zn](CH3)2 =2CH3CH2CH3 +Znl2. 

Tlie paraffins may be prepare(i for general purposes 
(1) by decomposing the proper substitution product 
with nascent hydrogen, or (2) by heating an acid deriva- 
tive with an excess of soda-lime: 

CH3l+2H2=CH4+HI, 

(Methyl iodide) 

CH3 COONa +NaOH= CH4 +Na2C08. 

(Sodium acetate) 

Methane (marsh-gas), CH4, occurs in nature as a 
gas arising from stagnant water where decomposition 
of vegetable matter is going on, as fire-damp in coal- 
mines, and as one of the constituents of natural gas. 
Its production by decomposition of vegetable matter 
can be brought about in the laboratory by inoculating 

* CgHe and C4H,o are also formed. 

'The nascent hydrogen for such reactions as this may 
be obtained from a copper-zinc couple (made by heating 
together one part of powdered copper with three parts of 
powdered zinc and then cooling in a closed vessel). In the 
presence of a trace of acid (H2SOJ the couple readily )rields 
nascent hydrogen. In the above reaction a mixture of the 
methyl iodide with alcohol and a drop of HjSO^ is brought 
into contact with the couple, drop by drop. 
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water containing small suspended pieces of filter-paper 
(cellulose) with the microorganisms contained in 
sewerage. It forms an explosive mixtm-e with air, 
hence the danger of having bare flames in coal-mines 
and the necessity for using the Davy safety-lamp. For- 
timately the kindling temperature (i.e., the temperature 
at which it explodes) of tliis gas is high. 

Natural ga^ is about ninety-five per cent methane; 
it also contains a Uttle nitrogen and ethane. There are 
two hjrpotheses as to the production of natural gas, one 
that it is the result of decomposition of vegetable or 
animal matter, and the other that it is due to the action 
of water on metallic carbides (c/. aluminium carbide 
reaction). Coal-gas contains about forty per cent of 
methane. 

Methane is a colourless, odourless, stable gas. When 
mixed with chlorine and exposed to direct sunlight it 
explodes: 

CH4+4Cl2=CCl4+4HCl, 

(Carbon tetrachloride) 

or when exposed to diffused sunlight it forms a mix- 
ture of monochlor- (CH3CI), dichlor- (CH2CI2), trichlor- 
(CHCI3), and tetrachlor-methane (CCI4). The last is 
also called carbon tetrachloride. 

Experiment. Dehydrate some sodium acetate by 
heating it in an evaporating dish with a small flame. 
Cool, mix 10 gm. with 40 gm. of soda-lime, and heat 
in a retort on a sand bath. By means of a delivery 
tube fitted to the retort, collect the evolved methane 
over water in the usual manner. Test its inflamma- 
bility. 
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Ethane (C2H6), propane (CsHs), and butane (C4H10) 
are also gases at ordinary temperatures. The other 
paraffins are liquids or solids. Above butane the name 
indicates the number of carbon atoms in the formula. 
There is a regular gradation of physical properties from 
the lowest to the highest members of the paraffin 
series : the boiling-point, the specific gravity, and, with 
the higher paraffins, the melting-point increase as we 
ascend the series. 

Boiling-point. Specific gravity. Melting-point. 

Methane, CH, -164° 0.415 (at -164°) -184° 

Ethane, C^He - 84.1° 0.446 (atO°) -172.1^ 

Propane, C3H8 - 44.5° 0.535 (atO°) - 45° 

Butane, C.Hio + 1° " 0.600 (atO°) 

Pentane, CfiHia.... 36.3° 0.627 (at 14°) 

Hexane, CeH^ 69° 0.6603 (at 20°) 

Tetradecane, C14H30 252° 0.775 (at 4°) 4° 

Hexadecane, C16H3, , 287° 0.7758 (at 18°) 18° 

Octodecane, C^Has 317° 0.777 (at 28°) 28° 

The members of the series after methane are met 
with mainly in petroleum. American petroleum also 
contains a few sulphur derivatives. CaUfornia pe- 
troleum contains some benzene hydrocarbons. To 
render petroleum suitable for commercial purposes, it 
is subjected to crude fractional distillation. The oils 
thus obtained are purified by successive treatment with 
sulphuric acid, caustic soda solution, and water. The 
lower fractions are distilled with steam; the distillate 
between 40° and 150° is gasoline (or naphtha), and that 
between 150° and 300° is kerosene. GasoUne and its 
products are mostly mixtures of C6H14, C7H16, and 
CsHis. From low-boiling gasoUne can be obtained, by 
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careful fractional distillation, cymogene, rhigolene, 
ligroin, and petroleum ether. High-boiling gasoline, 
called also benzine,^ is used as a solvent in many indus- 
trial processes. Kerosene contains the paraffins from 
C9H20 to C16H34. It should contain no gasoline, as the 
vapour of the lower hydrocarbons in a lamp would 
form an explosive mixture with air. Its flashing- 
point, tested in a manner similar to that described in 
the experiment below, tells us whether it contains any 
gasoline. The minimum flashing-point is regulated 
by law, varying from about 38° to 49°. The higher- 
boiUng oils from petroleum are used as lubricants. 
Vaseline is a yellowish semi-solid product, while the 
commercial substance called parafjin is a white solid. 
Pennsylvania petroleum gives 8-10% naphtha, 70-80% 
refined oils, and 5-9% of soUd products. 



Experiment. Place the flashing-point apparatus 
(see fig. 18) containing 20 c.c. of kerosene 
in a large beaker two thirds full of water. 
Suspend a thermometer so that the bulb 
is in the kerosene. Heat the beaker 
slowly. Bubble air through the oil at 
frequent intervals, and test the vapour 
with a lighted match. Note the tem- 
perature when the vapour takes fire (the 
burning temperature of the oil is 40°-50° 
above the flashing-point). ^ 

There are many isomers of the paraffins (see p. 65). 




* Carefully distinguish from benzene (p. 242). 
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These iso-compounds are represented in their formulae as 
having branched chains of carbon atoms instead of 
straight chains as in the normal compoimds, and they 
possess properties, quite different from those of the 
normal paraffins. 

Isobutane is the iso-compo\md having the fewest 
carbon atoms (see p. 65) : 

CH3 • CH2. • CH2 • CH3 — * CH3 • CH • CH3 

(Normal batane) I 

CH3. 

(Isobutane) 

Isopentanes. There are several pentanes : 
CH3 • CH2 • CH2 • CH2 • CH3 — > CH3 • CH • CH2 • CH3 

(Normal pentane) i 

CH3 

(laopentane) 

CH3 

I 

CH3 — C — CH3 

I 

CHs 

(Neopentane) 

The newer nomenclature designates these isomers 
as derivatives of methane; thus, isopentane is dimethyl- 
ethyl-methane, and neopentane is tetramethyl-methane. 



CHAPTER VIII. 

HALOGEN SUBSTITUTION PRODUCTS OF THE 
PARAFFINS. 

If only one hydrogen atom of the hydrocarbon is 
replaced by a halogen atom the compound is called 
an alkyl halide, because it consists of a halogen atom 
linked to an alkyl radicle, e.g., CH3 — CI (see p. 67). 

The alkyl halides derived from methane are methyl 
chloride or monochlormethane, CH3CI; methyl bromide 
or monobrommethane, CHaBr; methyl iodide or mono- 
iodomethane, CH3I. 

General Methods of Preparation. (1) The chloride 
and bromide can be produced from methane by mixing 
chlorine or bromine with it and exposing the mixture to 
diffused sunlight 

(2) All may be secured by acting on methyl alcohol 
with the proper halogen acid, in accordance with the 
following equations: 



CH3IOH+ HjCl =CH3a +H2O, 
CH3i6H THlBr = CH3Br +H2O, 



CH3jOH+H|I =CH3l +H2O. 

(3) Another method of obtaining them is by the? 
action on methyl alcohol of PCI3, PBr3, and PI3: 
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3OH3OH+PCI3 =3CH3a +P(0H)3, 
3CH3OH +PBr3 = 3CH3Br +P(0H)3, 
3CH3OH+PI3 =3CH3l +P(0H)3. 

In a manner exactly similar to the last two methods, 
the ethyl halides can be derived from ethyl alcohol. 
Some -of the More Important Alkyl Halides. 

Methyl chloride (mdnochlormethane), CH3CI, is a 
gas under ordinary conditions. It is readily liquefied, 
the liquid boiling at —23.7°. It has been used as a 
local anaesthetic by spraying the liquid on to the skin 
from a strong glass container. The rapid evaporation 
causes the abstraction of enough heat from the skin to 
result in freezing the latter. 

Ethyl chloride (monochlorethane), C2H6CI, is a liquid 
boiling at 12.2°. It is put up in glass or metal tubes, 
and is used for local anaesthesia in the same way as 
methyl chloride. It is beginning to be used also as 
a general anaesthetic/ being administered as a vapour 
by inhalation. 

Ethyl bromide (monobromethane), C2H6Br, is a 
liquid resembling chloroform in odour, density, and 
physiological effect. It boils at 38.37° (at 37.1°-37.4° 
under 737 mm. pressure), and its specific gravity is 1.450 
at 15°. It may be obtained by any of the general 
methods, but is best prepared by the action of ethyl 
sulphuric acid on potassium bromide, as in the experi- 
ment. 

* In this book brief pharmacological statements are fre- 
quent. For full information on these points consult the 
excellent pharmacology text-books by Cushny and by Soil- 
mann. 
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Experiment. Into a 250 c.c. flask put 55 c.c. of con- 
centrated sulphuric acid; add quickly 55 c.c. of ethyl 
alcohol, shaking at the same time. Cool the flask by 
holding it in running water, add 38 c.c. of iced water, 
and cool again. Meanwhile set up a condenser having 
an adapter attached. Use a rapid stream of water in 
the condenser. ^ Put into the flask 50 gm. of powdered 




Fig. 19. 

potassium bromide, then place the flask on a sand bath 
and attach to the condenser. Fill an Erlenmeyer 
flask one third full of ice-water and have the adapter 
dip below the surface of the water. Place this receiving 
flask in a bath of cold water containing lumps of ice. 
Heat rapidly and continue heating as long as any 
distillate comes over. Watch that the contents of the 
receiver be not sucked up into the condenser. If 
this is threatened turn the adapter so that air can 
enter it. 

Decant most of the water from the ethyl bromide, 
then add ice-water and agitate. Decant the water. 
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Wash several times in this manner. Finally shake the 
washed ethyl bromide with a dilute sodium carbonate 
solution; do not, however, cork the flask. Transfer the 
bromide to a separating funnel, and run out the bot- 
tom layer into a dry flask. Add dry calcium chloride, 
cork tightly, and let it stand in a cool place. After a 
day or so distil from a small fractionating flask, using 
a water bath. Place an empty receiving flask in cold 
water. Note the boiling-pomt. Take the specific grav- 
ity in a small picnometer holding 5 or 10 c.c. The 
following equations will explain the reactions: 

C2H5OH +H2S04=CH3CH2HS04 +H2O, 

(Ethyl alcohol) (Ethyl sulphuric acid) 

CH3 • CH2 • HSO4 +KBr =CH3 • CHaBr -I-KHSO4. 

(Ethyl bromide) (Acid potassium 
sulphate) 

Other halogen derivatives (besides the alkyl halides) are 
illustrated by the following compounds: dichlormethane, 
CH2CI2; dibrommethane, CH2Br2; diiodomethane, 
CH2I2; trichlormethane,CHCl3; tribrommethane,CHBr3; 
triiodomethane, CHI3; and tetrachlormethane, CCI4. 

Of the many compounds thus derived from the 
paraffins the three trihalogen substitution products of 
methane are the only ones of importance. 

Chloroform (trichlor methane), CHCI3, is a liquid 
having a pleasant odour and a sweetish taste. Its 
boiling-point is 61® at 731 nmi. Its specific gravity is 
. 1.498 at 15®. It is slightly soluble in water, -and is 
a solvent for many substances. Chloroform is a very 
useful general anaesthetic, but is considered less safe than 
^ther. Since it is not inflammable it can be used at 
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night as an anaesthetic. It is not a stable compound, as 
exposure to light, air, and moisture causes some decom- 
position, thus furnishing the poisonous impurities, chlo- 
rine, hydrochloric acid, and carbon oxychloride or phos- 
gene (COCI2). These impurities can be readily detected, 
since chloroform containing them gives a precipitate 
when shaken with silver nitrate solution. Pure chloro- 
form or other halogen substitution products do not 
iromediately give a precipitate with silver nitrate, 
because they furnish no halogen ions (see p. 52). The 
addition of alcohol to chloroform, to the extent of one 
per cent, prevents decomposition. The method of its 
preparation is given in the following experiment. In 
it, chlorine (from bleaching-powder) in the presence of 
water oxidizes alcohol to aldehyde, then chlorine re- 
places hydrogen in aldehyde, giving trichloraldehyde 
or chloral (really chloral hydrate, see p. 107), and by 
the action on the chloral of the calcium hydroxide 
present in the mixture chloroform is produced. 

Experiments. (1) Preparation. Into a 2-litre flask 
put 300 gm. of fresh bleaching-powder, 800 c.c. of 
water, and 40 c.c. of alcohol, mixing well. Attach to 
an upright reflux condenser and heat on a water bath 
for (me hour (an extra 20 c.c. of alcohol may be added 
through the condenser after 30 minutes' heating). 
Cool below 60^. Detach the flask and connect it with 
an ordinary condenser, then distil off the chloroform. 
Transfer the distillate to a separating funnel, shake 
with dilute sodium hydroxide solution, run off the 
bottom layer of chloroform, put the latter into the 
emptied funnel, add water, and shake. Run the 
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chloroform into a dry flask, add calcium chloride, 
cork, and let it stand a day or so. Redistil from a 
fractionating flask. The following equations will ex- 
plain the reaction: 

Cl2+H20=2HCl+0, 
CH3.CH2OH +0 =CH3 CHO +H2O, 
2CH3CHO+3Cl2=2CCl3CHO, 

or condense^], as follows: 

4CH3.CH20H-f2Ca(aO)2=4CH3CHO+2Caa2+4H20, 

(Ethyl alcohol) (Calcium (Aldehyde) 

hypochlorite) 

4CH3 CHO +6Ca(C10)2 =4Ca3 CHO +6Ca(OH)2, 

(Chloral) 

2Ca3 • CHO +Ca(0H)2 = 2CHCI3 +Ca(00CH)2. 

(Chloroform) (Calcium formate) 

(A mixture of 30 c.c. of acetone and 70 c.c. of water 
could be used instead of the alcohol, this solution being 
added gradually from a dropping funnel to the flask 
containing the bleaching-powder and water.) 

(2) To 1 c.c. of chloroform add half a test-tube of 
distilled water aud shake vigorously. Remove the 
water with a pipette. Wash three times in this manner, 
testing the last wash-water with silver nitrate solution; 
if no precipitate appears, add silver nitrate to the 
washed chloroform. Let it stand, observing whether 
a precipitate forms later. 

(3) Heat together in a test-tube 1 c.c. of chloroform, 
5 c.c. of alcoholic solution of NHs,! and 1 c.c. of alcoholic 
K0H.2 Empty into an evaporating dish and evap- 

* Made by bubbling NHa into alcohol. 

»To 40 c.c. of alcohol add 20 c.c. of 30% KOH. 
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orate almost to dryness on a water bath. Note the odour 
of the residue. Dissolve the residue in a few cubic 
centimetres of water, and test for KCN by makmg 
strongly alkaline with NaOH, then adding a few drops 
of FeS04 solution and one drop of Fe2Cl6 solution. 
Boil two minutes, cool, acidify with HCl; a greenish- 
blue colour should develop (see p. 4): 



ClajHC +NIH3 = HCN +3Ha, 
HCN+KOH =KCN+H20. 

Bromoform (tribrommethane), CHBra, is a liquid 
which boils at 151.2°. On cooling it becomes solid, 
melting at 7.8°. Its specific gravity is 2.9 at 15°. It 
has been used as a general anaesthetic, but is unsafe. 

Iodoform (triiodomethane), CHI3, is a yellow crystal- 
line solid, the crystals having the form of hexagonal 
plates. Its odour is peculiar and characteristic. It 
melts at 119°. It is used in surgery as an antiseptic, 
the action being probably due to iodine which is freed. 
Its method of preparation is illustrated in the following 
experiment : 

Experiments. (1) To 1 c.c. of alcohol in a test-tube 
add 10 c.c. of a strong solution of iodine in potassium 
iodide solution; now add, drop by drop, NaOH solution 
until the colour of the mixture is changed to a faint 
yellow. Warm the test-tube gently, noting the odour. 
After cooling, filter and wash the crystals. When 
dried in a desiccator, a melting-point determination 
may be made. 

(2) Make a yellow solution of iodoform in alcohol, 



88 ORGANIC CHEMISTRY. 

set it aside loosely covered; by slow evaporation of the 
alcohol hexagonal crystals of considerable size are 
formed. 

This reaction, besides being given by alcohol, is given 
by aldehyde, acetone, and other compounds which 
contain the group CHa-CO — (see p. 140). On account 
of its strong odour, the production of iodoform in this 
manner is often used as a test for the presence of 
alcohol or other substances containing the above 
group. 

Iodoform Substitutes. Because of the unpleasant 
odour of iodoform many antiseptic preparations have 
been put on the market which disguise or eliminate the 
bad odour. Such are eka-iodoform (iodoform with 
paraformaldehyde), iodofarmin (iodoform with hexa- 
methylenetetramine), iodoformogen (proteid compound 
of iodoform), and anozol (iodoform and thymol). 
Diiodofonn is tetraiodoethylene, C2I4 (see ethylene, 
p. 230). 

Similar to the alkyl halides are the alkyl combinations 
with metals, as zinc methyl, Zn(CH3)2, and sodium methyl, 
NaCHs. Both of these are important reagents. 



CHAPTER IX. 
ETHERS. 

The alkyl oxiaes are called ethers. They consist of two 
organic radicles linked to an oxygen atom, as methyl 
ether, CH3— 0— CH3; ethyl ether, C2H5— 0— C2H5. 

A general method of synthesis is shown by the follow- 
ing equations: 

CHsOJ I^+Ij CHs^CHs— O-CH3 +NaI, ' 

(Sodium methylate) (Methyl iodide) (Methyl ether) 



CzHs-OjNa+IjCzHs - C2H5-O-C2H6 +NaI. 

(Sodium ethylate) (Ethyl iodide) (Ethyl ether) 

Methyl ether is a gas and is unimportant. 

Ethyl ether is common ether. Pure ether is a liquid, 
boiUng at 34.6° (33.6° at 734 mm. barometric pressure) 
and having a specific gravity of 0.718 at 15.6° and 0.731 
at 4°. It dissolves to a certain extent (about 6.5 per 
cent) in water; it also takes up about IJ per cent 
of water. To obtain absolute ether, it is necessary 
to distil after the addition of metallic scdium to the 
ether (Na+H20=NaOH+H). It vaporizes readily, 
and, when rapidly evaporated, abstracts enough heat 
to freeze water if the latter is contained in a small 

89 
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vessel surrounded by the ether. The vapour is heavier 
than air and consequently falls. It is very inflammable, 
and should therefore be kept away from a flame. Ether 
is a solvent for a great number of substances. It is 
extensively used as an anaesthetic, being quite safe 
when properly administered. Heat is liberated when 
chloroform and ether are mixed in certain proportions. 
Because of the use of sulphuric acid in its produc- 
tion, it is sometimes called sulphuric ether. To pre- 
pare it, ethyl alcohol is allowed to slowly flow into 
heated ethylsulphuric acid (see p. 84) contained in a 
flask. The following experiment will make clear how 
this is done. 

Experiment. In a litre flask mix 165 c.c. of 
C.P. H2SO4 with 210 c.c. of alcohol. Fit a cork, 
pierced with three holes, into the mouth of the flask. 
One hole is to admit the bent tube connecting with 
the condenser, another holds a thermometer, and the 
third is for a dropping funnel which contains ethyl 
alcohol. The bulb of the thermometer is immersed in 
the liquid. When all is ready, place the flask on a sand 
bath and connect with the condenser. Submerge the 
receiving flask in a cold bath and use an adapter (c/. 
ethyl bromide, p. 83). Heat rapidly until the ethyl- 
sulphuric acid has a temperature of 140®, at which 
point it must be kept for the rest of the process. Run 
in a very little alcohol from the funnel. At intervals, 
i.e., when the amount of ether vapour diminishes, 
add more alcohol, a few cubic centimetres at a time. 
Keep flames away from the vicinity of the receiving 
flask. Watch the apparatus constantly. When sufii- 
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cient distillate has been secured, wash it with dilute 
NaOH solution in a separating funnel, then with 
several small portions of water; draw off the water, 
pour the ether into a dry flask, add calcium chloride, 
ancl cork tightly. Redistil after a day or so. The 
following equations will explain the reaction: 

C2H5OH +H2SO4 =C2H5 • HSO4 +H2O, 

(Ethyl alcohol) (Ethylsulphuric acid) 



C2H5OIH +HS04i CgHs =C2H5 0— C2H5 +H2SO4. 

8 (Ether) 

Mixed ethers contain two different organic radicles 
linked to the same oxygen atom, as methyl ethyl 
ether, CH3 — — C2H5. They may be formed by a 
synthetic process similar to that described above 
for simple ethers, thus: 



CH3 • OiNa +I1C2H5 =CH3— 0— C2H5 -i-Nal. 

It is interesting to note that the boihng-point of 
methyl ethyl ether (11°) is intermediate between that 
of dimethyl ether, (CH3)20 (-23.6°), and that of 
diethyl ether, (C2H5)20 (34.6°). 

The ethers are very stable, not being affected by 
boiling with alkaU or dilute acid. 



CHAPTER X. 



PRIMARY ALCOHOLS. 



One of the most important classes of organic com- 
pounds are the alcohols. The empirical formula of 
a monacid alcohol can be derived from the formula of 
the paraffin hydrocarbon containing the same nmnber 
of carbon atoms, by attaching an atom of oxygen, thus: 

CnH2n+20. 

Alcohols, however, are not oxides of the hydro- 
carbons. They are hydroxides. Alcohols cannot be 
obtained by direct oxidation of the hydrocarbons. 
That the oxygen atom is present in hydroxyl is proven 
by the following reactions: 



(1) 



(2) 



(3) 



(4) 



CH3JOH +H|C1 =CH3C1 +HOH 

(Hetbyliiiicoiibl) (Hethyl chloride) 



(c/. K0H + HC1=KC1+H0H), 



3CH3OH +PCI3 =3CH3C1 +P(OH), 

(Phosphorus (Phosphorous 

acid) 



>sphorus 
trichloride) 



(c/. 



(c/. 



(c/. 



3H0H+ PCI3 =3HC1+ P(0H)3), 
CH3OH + H2SO4 = CH3HSO4 + HOH 
KOH+HijSa =KHS04+ HOH), 
CH3OH + CH3 • COOH = CH3 • COO • CH3 + HOH 

(Acetic acid) (Methyl acetate) 

KOH+ CH3 • COOH = CH3 • COOK + HOH). 

92 
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The striking similarity between the reactions of alcohol 
and the most typical of all hydroxides (viz., KOH 
and H2O) is clearly shown by these reactions. 

The reaction of potassium and sodium with alcohols 
shows further that one particular hydrogen atom of 
the latter has a different linking from that of the other 
three hydrogen atoms : 

CH3OH +Na =CH30Na +H 

(Sodium methylate) 

(c/. HOH+Na=NaOH+H). 

Finally, the structure of an alcohol is settled beyond 
a doubt by its synthesis from an alkyl halide by the 
action of a strong hydroxide: 



CHsiCl+KjOH ^CHsOH +KC1. 

Inorganic hydroxides are strong bases, because they 
fiu-nish many hydroxyl ions when dissolved in water 
(see p. 124). Alcohols, on the other hand, are not bases; 
they ionize very shghtly, if at all. It is to be noted 
that the change of one hydrogen atom of the hydro- 
carbon molecule into hydroxyl greatly alters the 
chemical behaviour of the compound; the paraffin is 
very stable and enters into reaction with very few 
reagents, whereas the alcohol is quite reactive^ being 
readily affected by many reagents. 

MONACID PRIMARY ALCOHOLS. 

These comprise the most important group of alcohols. 
They form an homologous series beginning with methyl 
alcohol. There is a regular increase of specific gravity 
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and boiling-point from the lowest to the highest members 
of the series. 

Methyl alcohol (methanol, carbinol), H 0112011 or 
CH3OH, is obtained from the distillate produced by the 
destructive distillation of wood (see p. 114). The crude 
alcohol is therefore called wood alcohol. It is also 
secured by destructive distillation of vinasse, which is 
the residue left after ordinary alcohol has been distilled 
off from fermented beet sugar molasses. 

Fractional distillation does not suffice" to free the 
methyl alcohol from the acetic acid, acetone, and other 
. constituents of crude wood spirits. 

A crystalline compound, methyl oxalate (CH3)2C204, 
can be formed by treatment with oxalic acid. The 
purified crystals can then be decomposed by boiling 
with ammonia water, yielding pure methyl alcohol: 

(CH3)2C204 +2NH3 +2H2O =2CH30H + (NH4)2C204. 

The process of production of pure methyl alcohol is more 

difficult and expensive than is that of ethyl alcohol. 

Methyl alcohol boils at 64.5°, and its specific gravity 

15.6° ' 0° ^ 

at TTajs is 0.7931 (at ^ it is 0.812). It mixes readily 

with water, exhibiting the phenomena of contraction 
of volume and liberation of heat. It is a useful solvent; 
in consequence, the crude alcohol is used in the prepa- 
ration of paints. It is intoxicating if taken internally; 
crude wood alcohol is dangerous, however, having 
caused many deaths when used as a substitute for 
ethyl alcohol. Wood alcohol burns with a blue flame, 
hence its use in alcohol lamps. 
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Ethyl alcohol (ethanol), CH3CH2OH or CaH^OH, 
is common alcohol. Its relation to methyl alcohol is 
seen when it is considered as methyl alcohol in which 
one hydrogen atom is replaced by the methyl radicle: 

H . CH2OH -> CH3 • CH2OH. 

The name methyl carbinol expresses this relation. 
Similarly the higher alcohols are called carbinols (the 
prefix in each case indicating the groups attached); 

Alcohol is produced by fermentation of dextrose 
(glucose) by means of yeast : 

CeHizOe =2C02 +2CH3 CHaOH. 

(Dextrose) 

About five per cent of the dextrose forms by-products, 
such as amyl alcohol, glycerol (i.e., glycerine), and 
succinic acid. Alcoholic beverages are obtained by 
fermentation of fruit juices containing sugar, as wine 
from grapes, or of malted grain, as beer from barley. 
Fermentation is inhibited when the alcohol content 
reaches about fifteen per cent. Malt liquors contain 
from two to eight per cent of alcohol. Wines contain 
eight to fifteen per cent. Stronger wines are made 
from these by adding alcohol. Brandy is obtained by 
distillation of wine, whiskey by distillation of fermented 
grain; both of these contain forty to sixty per cent of 
alcohol. Many liquors require ageing in order that 
the by-products which are disagreeable and injurious, 
as for instance fusel-oil, may be converted into ethereal 
compounds of pleasant taste and odour. The amount 
of alcohol present in a liquor can be readily estimated 
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by distilling 100 c.c. of the liquor (diluted with 50 c.c. 
of water) ; when 100 c.c. of distillate has been collected, 
its specific gravity is determined. The percentage of 
alcohol is found by referring to tables of specific 
gravities (see Appendix, p. 345). 

Preparation. Commercial alcohol is made from the 
cheapest forms of starch, potato or corn. The ground or 
mashed raw material is superheated with steam under 
pressure; then the pressure, is suddenly lowered, causing 
the moisture within the starch granules to turn into steam 
and thus to rupture the granules by the explosive effect. 
After cooling, malt ^ is added and the mixture is kept 
at 60°-65°. Malt contains a ferment, diastase, which 
changes starch into the, sugar maltose, and, to the 
extent of about 20 per cent, into dextrin. The sugar 
solution is diluted, and yeast is added. 

The yeast furnishes a ferment which splits or inverts 
the maltose molecule into two dextrose molecules, and 
also a ferment which decomposes the dextrose into 
alcohol and carbon dioxide. These ferments can be 
extracted from the yeast cells by grinding the latter with 
fine quartz sand and subjecting the mass to a very high 
pressure (up to 300 atmospheres), and finally filtering the 
extract through porcelain. This filtrate contains no 
yeast cells, but it inverts maltose into dextrose and 
changes dextrose into alcohol. 

The ferment in this cellular extract from yeast is 
called zymase. Similar intracellular ferments can be 
obtained from certain bacteria. Ferments are often 
called enzymes, 

*Malt is obtained by allowing barley to germinate to a 
certain stage. 
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The weak aJcoholic solution (about 5 per cent) is 
next subjected to fractional distillation. The crude 
distillate is filtered -through animal charcoal, which 
removes many impurities. It is then redistilled, the 
product being ordinary alcohol (90 to 95 per cent). 
This is apt to contain some aldehyde. The strongest 
alcohol obtainable by the most careful fractionation 
contains 4 per cent by weight of water and has a lower 
boiling-point than absolute alcohol. Commercial abso- 
lute alcohol contains about one half of one per cent of 
water. It is obtained by digesting alcohol with quick- 
lime and then distilling- 

CaO+H20=Ca(OH)2. 

More nearly absolute alcohol is secured by treating 
with metallic sodium and distilling. 

Properties. Chemically absolute alcohol is almost un- 
known, because it takes up moisture so rapidly when 
exposed to the air . Absolute alcohol has a specific gravity 

of 0.76326 at -^ or 0.806 at ^, and boils at 78.3° 

(corrected) (at 734 mm. pressure it boils at 77.7°). It 
solidifies at - 1 12°. It has much less odour than common 
alcohol. Alcohol burns with a colourless flame. When 
mixed with water, rise of temperature and contraction 
of volume are observed. It is an intoxicant; the detri- 
mental effect of alcoholic liquors, however, is due in 
part to other compounds besides the alcohol. Alcohol 
is of great service as a solvent. Methylated or dena- 
tured alcohol is alcohol to which wood alcohol or nau- 
seous substances have been added to render it unfit 
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to drink. Such alcohol can be sold duty-free in many 
countries. 

Experiment. Into a large bottle or flask put 
500 c.c. of 10% glucose solution, and add some crumbled 
yeast. Through a cork, which tightly fits the bottle 
or flask, pass a glass tube which is bent so as to extend 
down into a small bottle containing some baryta 
water, the tip of the tube just reaching the surface 
of the latter; through a second hole in its cork the 
baryta bottle is connected with a tube or tower of 
soda-lime. Thus CO2 cannot enter the apparatus 
from without. Let it stand a few days, after which 
a copious precipitate of BaCOs is- obtained. Now 
distil the fermentation mixture. Apply the iodo- 
form test to the first 10 c.c. of distillate (see p. 87). 
The specific gravity of the next 25 c.c. might be deter- 
mined. 

Experiments loith 95% alcohol. (1) Shake 10 c.c. in 
a test-tube with anhydrous CUSO4; the CUSO4 becomes 
bluish (with absolute alcohol no blue colour appears). 
Explain what takes place. 

(2) Take 52 c.c. of alcohol and 48 c.c. of water, 
each being at a temperature of 20°, mix them in a 
100 c.c. graduate, note the maximum temperature, 
cool to 20°, and read off the volume (about 96.3 c.c. 
instead of 100 c.c). 

Of other primary alcohols little need be said here. 

Propyl alcohol is CH3CH2CH2OH. 

Normal butyl alcohol is CH3CH2CH2CH2OH. 

Primary isobutyl alcohol is CH3CH.CH2OH. 

I 
CHa 
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Nonnal amyl alcohol is CHaCHaCHaCHg-CHaOH. 

Primary isoamyl alcohol, called isobutyl carbinol, 

is CHa-CH-CHj 0112011; this is the main constituent 

CH3 
of fermentation amyl alcohol. Both of these amyl 
alcohols are contained in fusel-oil and in certain liquors, 
especially recently distilled brandy and whiskey. 
They are poisonous. There are three isoamyl alcohols 
having the same structural formula, 

CH3\p/H 
CHsCHa/^XCHgOH. 

Their chemical and physical properties are identical, 
except that their action on polarized light is different. 
One rotates the beam of light to the left, another 
rotates it to the right — these are the active amyl alco- 
hols; the third does not cause rotation and is called 
inactive amyl alcohol,^ There is also another amyl 
alcohol containing the primary alcohol group, 

CH3V/CH3 

There is a tertiary isoamyl alcohol, 

CH3\p/0H - 
CRzy \CH2 — CH3, 

which has been used as a hypnotic under the name 
amylene hydrate. 

* For a discussion of this form of isomerism see p. IGT. 



CHAPTER XI. 

ALDEHYDES. 

If a primary alcohol be oxidized the first product 
is an aldehyde: 

CH3 .GH2OH +0 =CH3 CHO +H2O. 

Two atoms of hydrogen have been removed from 
the alcohol molecule, hence the name al{cohoT) dehydiro- 
genatus). The reaction is more accurately indicated 
as follows: 

CHa-CHgOH+O^CHs-CH 

Vol! 
O-Hl 

Two hydroxyls become attached to the same car- 
bon atom, but, as is the rule ^ in organic compounds, 
such a combing,tion is too unstable to persist and H2O 
splits off. 

It is to be noticed that the aldehyde group . — CHO 
contains no hydroxyl. This can be proven experi- 
mentally. If alcohol or any other hydroxyl-contain- 
ing compound be treated with phosphorus penta- 
chloride, the place of each hydroxyl group is taken 
by a chlorine atom and hydrochloric acid is a by- 
product of the reaction: 

CH3 'CH2OH +PCI5 - CH3 CHaCl +POCI3 -f-HCl. 

* There are three well-known exceptions to this rule, *n 
the case of chloral hydrate, mesoxalic and glyoxylic acid. 

100 
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But if an aldehyde be similarly treated a dichlor-com- 
pound is obtained and no hydrochloric acid: 

CH3 CHO +PC16 = CH3 CHCU +POCI3. 

Therefore the aldehyde group must be written CHO, 
not COH. 

All aldehydes are strong reducing agents, because 
they readily take up oxygen to form acids. The com- 
mon tests for sugar are really aldehyde reactions, as 
practically all sugars contain the CHO group. The 
reduction of silver and copper salts is illustrated by 
the experiment below. 

The aldehydes are named from the acids which 
they produce when oxidized: thus, HCHO is formic 
aldehyde or formaldehyde, and CH3CHO is acetic 
aldehyde or acetaldehyde. 

The linking C=iO in the aldehyde group causes 
aldehydes to act like unsaturated compounds, for 
they readily form addition compounds, thus: 

yO-H 

ch3— c< +hcn=ch3-c^- cn, 

\h \h 



(Acetaldehyde) (Acetaldehyde cyanhydiin) 

.JO /O— H 



CH3— c/ +NH3=.CH3— C^^ ^NHz 

(Aldehyde ammonia) 

.0 /O-H 
CH3-OC +NaHS03=CH3— Cf SOgNa. 

(Sodium acid sulphite) (Aldehyde bisulphite) 

Aldehydes (except chloral hydrate) cause a violet- 
red colour to appear when added to a solution of 
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f uchsin which has been decolorized by sulphurous 
acid. This reaction is due to the formation of con- 
densation products (see acetaldehyde)^ Nascent hydro- 
gen converts an aldehyde into the corresponding 
primary alcohol. 

Formaldehyde (methanal), HCHO, is a gas. It 
is quite soluble in water. Commercial formalin is a 
40 per cent solution. Formaldehyde may be pre- 
pared by bubbling air through methyl alcohol which is 
kept at about 50°; then the mixture of air and vapour 
is passed through a heated tubfe containing a copper 
or platinum spiral: ' H.CH20H+0=H.CH0+H20. 
It is also produced by burning methyl alcohol in a 
special lamp in which the supply of air is limited so 
that incomplete combustion occurs; part of the alcohol 
is oxidized to formaldehyde and escapes. This lamp 
can be used for disinfection of rooms. 

Formaldehyde has a tendency to form polymers. 
A polymer has a molecular weight which is an even 
multiple of that of the original substance, and it has 
the same percentage composition as the latter (see 
p. 57). Thus paraformaldehyde is (HCHO)„. The 
graphic representation of (H 0110)3 would be 

H 



/ 







/C 0— C\ 

w \ I \h 

H H 
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Paraformaldehyde (paraform) is a white crystalline 
substance, which, on being heated, is converted into 
formaldehyde. It is sold in the form of tablets or 
candles for disinfecting purposes. 

Formaldehyde is an efficient germicide, and is there- 
fore used extensively for disinfecting purposes. It is 
used either as the gas or in dilute solution. It is 
very irritating to the eyes and mucous membranes. 
The dilute solution also hardens albuminous substances, 
and is consequently used to prepare tissues for his- 
tological examination. It converts a solution of gela- 
tin into a hard insoluble mass. 

Experiments. (1) To a few cubic centimetres of 
concentrated H2SO4 in a test-tube add a few drops of 
ferric chloride solution; with a pipette run in about 
5 c.c. of dilute formaldehyde solution as a top layer, 
avoiding mixing with the H2SO4 — a violet zone between 
the two layers forms, quickly disappearing. 

(2) Set in a desiccator an evaporating dish containing 
10 c.c. of formalin. Leave several days until a white 
solid, paraformaldehyde, is obtained. When this is 
secured, heat some of it in a dry test-tube. It volatilizes 
completely, passing away as formaldehyde gas. Note 
the odour. Be careful not to get strong fumes into 
the eyes or nostrils, as the gas is very irritating. 

(3) Dissolve 3 gm. of gelatin in 100 c.c. of water; 
add 2 c.c. of commercial formalin. The fluid becomes 
solid an insoluble compound of gelatin being formed. 

(4) In. a water bath kept at about 20°, place a large 
evaporating dish containing 60 c.c. of milk to which a 
little formaldehyde has been added. Float on the 
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milk a watch-glass containing about 1 c.c. of a fresh 
solution of 0.35% of morphine sulphate in C.P. H2SO4. 
Cover the evaporating dish with a glass plate. Note 
the time it takes to secure a purple margin or general 
coloration - of the acid. Repeat with diluted milk. 
This has been proposed as a method of approximate 
quantitative .estimation, for it is claimed that if the 
colour appears in fifteen minutes, the milk contains 
about 1 part in 2500, if in forty-five minutes 1 part in 
15000, if in sixty minutes 1 part in 25000. The acid solu- 
tion of morphine must be kept away from formaldehyde 
vapours and the solution should be freshly prepared. 

Acetaldehyde (ethanal, aldehyde), CH3CHO, can be 
obtained in similar manner as formaldehyde by the oxida- 
tion of ethyl alcohol vapour, induced by heated platinum, v 
The oxidation is generally effected, however, by the use 
of sulphuric acid and sodium or potassium dichromate 
as described in the experiment below. Acetaldehyde 
boils at 20.8° and has a specific gravity of 0.780 at 20"". 

Acetaldehyde can be changed into the polymers, 
paraldehyde, a liquid boiling at 125°, and metaldehyde, 
a solid. Both have the formula (CH3 -0110)3. Paral- 
dehyde is a hypnotic. 

Aldehyde molecules can be made to fuse together, 
forming a " condensation " product, aldoL Zinc 
chloride will effect this change: 

0— H 

2CH3— c/h-> CH3— CH— CH2— C^H 

It has been suggested that the production of starch and 
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sugar by plants may be a process of condensation of 
formaldehyde, the latter being synthesized from CO2 
and H2O. A sugar can be made from formaldehyde 
by condensation under the influence of lime-water 
(see p. 213). 

Experiments. Preparation, (1) Mix in a large flask 
100 ex. of water and 30 c.c. of C.P. H2SO4. Fit a cork 
having two holes, one for the bent tube connecting wilh 
a condenser, the other for a dropping funnel. Have the 




Fig. 20. 

tip of the dropping funnel about 3 cm. above the liquid. 
Connect with the condenser, and place the receiving 
flask in Ice-water. Heat the flask over wire gauze to 
the boiling-point. Now add through the funnel, 'in a 
slow stream, a solution of sodium dichromate, contain- 
ing 100 gm. of dichromate, 100 c.c. of water, and 53 c.c. 
of alcohol. Remove the flame as soon as distillation 
is well started. If vapour passes through uncondensed, 
slacken the stream. If aldehyde ceases distilling, heat 
again with the flame. When all of the solution has 
been added, redistil the distillate. Save a portion of 
the crude distillate for making the aldehyde tests given 
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below. In redistUling tilt the condenser upward, as 
shown m the diagram. Circulate through it water heated 
to 30°, using a reservoir or large funnel. Connect the 
condenser with a dropping funnel, which dips into the 
ether in the first wash-bottle. Put 25 c.c. of dry ether 
into each wash-bottle. The aldehyde will not condense 
at 30°, while alcohol and water will, so that only 
aldehyde passes into the ether, which absorbs it. Keep 
the ether bottles in a bath of ice-water. When the 
aldehyde seems to have all passed over, transfer the 
ether to a beaker which is placed in a freezing-mixture. 
Now bubble into it ammonia (secured by heating 
NH4OH in a flask), which has been dried by passing 
through a tower of soda-lime, until the odour of am- 
monia becomes strong. A mass of white crystals of 
aldehyde ammonia will appear. Filter, wash the 
crystals with ether, and dry \ix a CaCl2 desiccator. From 
this product pure aldehyde may be obtained by dis- 
solving some of it in an equal weight of water, adding 
3i times as much 50% H2SO4, and then distilling. 

Na2Cr2.07 +4H2S04= 30 +Cr2(S04)3 -f Na2S04 +4H2O, 
CH3CH20H+0=CH3CHO-hH20, 

CH3CHO+NH3 = CH3-C^-OH. 

\NH2 

(2) Aldehyde tests, (a) Add a Uttle of the crude dis- 
tillate to 5 c.c. of dilute Fehling^s solution in a test-tube; 
boil until CU2O is precipitated. 

(6) Add another small portion to a few cubic centi- 
metres of anmioniacal AgNOs solution in a perfectly 
clean test-tube; heat gradually — ^a mirror of silver ig 
deposited. 
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(c) To 1 c.c. of dilute rosaniline (fuchsin) solution 
add a solution of sulphurous acid until decolorized. 
Add some aldehyde solution and shake — a violet-red 
colour appears. 

Chloral (trichloraldehyde), CCI3CHO, is a chlorine 
derivative of acetaldehyde. It is produced by passing 
dried chlorine gas into absolute alcohol for several days. 
Aldehyde and HCl are the first products of the chlorina- 
tion. The final products are chiefly chloral hydrate and 
chloral alcoholate, CCl3CH<^Qg and CCl3CH<^^^2H5 

respectively. Chloral is Uberated from these by the 
'action of concentrated sulphuric acid. 

Chloral is an oily liquid, boiling at 97.7° and having 
a specific gravity of 1.512 at 20°. It gives the aldehyde 
reactions. When it comes into contact with water it 
forms chloral hydrate crystals. 

■ /H 

Chloral hydrate, CCla-C^OH, is beUeved to have two 
\0H 

hydroxyls attached to the same carbon atom, contrary 
to the general rule. One reason for beUeving that a 
typical CHO group is not contained in it is the fact that 
it does not give the fuchsin test. 

Chloral hydrate is extremely valuable as a medicine, 
being used as a hypnotic. It is very soluble in water 
and in alcohol. It melts at 57°. AlkaUne solutions 
decompose both chloral and chloral hydrate to chloro- 
form and formic acid : 

CCI3 CHO +KOH =CCl3H +HCOOK. 

(Potassium formate) 
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Experiments. (1) Try the aldehyde tests (see 
acetaldehyde) with a solution of chloral hydrate. 

(2) Warm a few cubic centimetres of chloral hydrate 
solution; after adding NaOH, notice the odour of 
chloroform. 

(3) Boil a few cubic centimetres of chloral hydrate 
solution; test part of it with AgNOs — ^it gives no, pre- 
cipitate. Now add some zinc powder to the original 
solution and boil two minutes. Filter; test filtrate 
with AgNOs — it gives a white precipitate of AgCl. The 
zinc decomposes water; the nascent hydrogen produced 
takes chlorine from the chloral hydrate, forming HCl 
(which combines with the zinc). 

(4) To some dry chloral hydrate add C.P. H2SO4 
and cool — oily drops of chloral float on the acid. 

Chloral Substitutes. Many derivatives of chloral 
have been synthesized with the object of correcting the 
tendency which chloral hydrate has to depress the cir- 
culation. Such are: 

Bviyl-chloral hydrate (croton chloral), 

CH3CHCl.CCl2CH(OH)2. 

Chhrakimid^, CCl3-CH<^g 

•/OH 

Chloralose (chloral + glucose), CsHuCIsOg. 
Hypnal (chloral + antipyrin). 1 



CHAPTER XII. 

FATTY ACIDS AND ETHEREAL SALTS. FURTHER 
OBSERVATIONS IN PHYSICAL CHEMISTRY. 

ACIDS. 

Acids are defined as substances which when dissolved 
in water dissociate in such a way as to furnish hydrogen 
ions (see p. 52). In organic chemistry all substances 
containing the carboxyl group, COOH, are acids. 
Most organic acids dissociate but feebly; they are 
therefore weak acids as compared with inorganic acids 
(see p. 123). 

A general method of production of acids is by hydrol- 
ysis^ of a cyanide (see. experiment under acetic acid): 

HCN + 2H2O = H • COONH4, 

(Ammonium formate) 

CH3CN + 2H2O = CH3 •COONH4. 

(Amimonium acetate) 

The acids to be studied at this point are called fatty 
acids, because common fats contain some members 
of this series of a(5ids (in combination with glycerol). 
They are monobasic, i.e., they contain only one dis- 
placeable hydrogen atom in the acid group. They are 
the end products of the oxidation of primary monacid 

* Hydrolysis means introducing HjO into the molecule of 
the substance to be hydrolyzed. 
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alcohols, since they can be obtained by oxidation of 
aldehydes: 

H.CHO+0=H.COOH. 

The OH of carboxyl can be proven to be hydroxyl 
by the reaction with PCI3 (see pp. 92 and 100), thus: 

3CH3 COOH +2PCI3 =3CH3 COCl +P2O3 +3HCL 

The successive acids of 'the series can be built up 
by taking advantage of the reaction indicated in the 
following equations: 



CCI3 

\ I CH3 

i! I 

C=0+0— Na 



i 

(Sodium 
methylate) 



= CH3C00Na+HCCl3, 

(Sodium acetate) 



k 



(Chloral) 
.CCI3 



C2H5 



I 



= C2H5COONa+HCa3. 



jrj— — Q I Q Mo (Sodium propionate) 

j (Sodium 

I ethylate) 

H 

Formic acid (methanoic acid), HvCOOH, is a liquid. 
(1) It can be made by oxidation of formaldehyde 
by hydrogen peroxide in alkaline solution (see exp.) : 

H . CHO +H2O2 +KOH = H . COOK +2H2O. 

The acid can then be liberated from the potassium 
formate. 



FATTY ACIDS AND ETHEREAL SALTS. Ill 

(2) Moist CO is absorbed by soda-lime at 190°-220°, 
forming sodium formate: 

CO+NaOH = H.COONa 

(3) Moist CO2 coming in contact with metallic 
potassium forms potassium formate and potassium 
bicarbonate : 

2K +2C02+H20=HCOOK +KHCO3. 

(4) Oxalic acid when heated with glycerol (glyc- 
erine) decomposes to formic acid and carbon dioxide 
(see exp.). 

Formic acid occurs in red ants, in stinging nettles, 
and in the stinging apparatus of bees. It is very 
irritant, causing blisters when applied to the skin. 
Formic acid boils at 101°; it solidifies at a low tem- 
perature and melts at 8.52°. Its specific gravity is 
1.231 at 10°. It is a strong reducing agent, reducing 
silver and mercury compounds to the metal (see exp.). 
It is a stronger acid than acetic acid. When treated 
with concentrated sulphuric acid it is decomposed, 
with evolution of carbon monoxide (see exp.). 

Experiments. (1) To 0.5 c.c. of commercial for- 
maline in a beaker add 10 c.c. of 8% NaOH (twice 
normal solution). Add hydrogen peroxide as long as 
effervescence continues and until no odour of f orm- 

N 
aldehyde remams. Titrate the solution with ^ H2SO4 

in the following manner: After putting a drop of methyl 
orange into the solution, run in the acid from a burette 
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gradually, until the mixture remains slightly pink after 
stirring well. Deduct the number of cubic centimetres of 
H2SO4 from 20 c.c. (which would be neutralized by 
10 c.c. of 8% NaOH); the difference indicates the 
amount of formic acid which has been produced. 
This method can be used for quantitative estimation 
of formaldehyde. 

(2) Prepare formic acid also as follows: Into a half- 
lit, e flask put 200 c.c. of anhydrous glycerol (which 
has been heated at 170° for an hour); add 100 gm. 
of crystallized oxalic acid. Heat gradually on a sand 
bath. Connect with a condenser. Carbon dioxide is 
evolved and formic acid begins to distil at about 115° 
(temperature of the liquid). When the distillate 
ceases to come over, add 50 gm. of oxalic acid. Heat 
again; the heating may have to be pushed in order to 
get a proper amount of distillate. Repeat the addi- 
tion- of oxalic acid until enough distillate has been 
collected. (To secure all the formic acid distillation 
with steam (see p. 14) may be resorted to.) Test 
some of the acid distillate for formic acid as below. If 
less than 200 c.c. of distillate is obtained, dilute it. 
Add to it copper hydroxide which has been freshly 
precipitated (with NaOH) and washed, meantime 
warming the mixture. When copper hydroxide no 
longer dissolves, filter and evaporate the filtrate to a 
bulk of about 10 c.c. On cooling beautiful crystals 
of copper formate are formed : 

C3H5(OH)3 + (C00H)2= C3H5(OH)20COH +H2O +CO2, 

(Glycerol) (Oxalic acid) (Monoformin) 

C3H5(OH)20COH +H2O = H • COOH +C3H5(OH)3. 

(Formic acid) (Glycerol) 
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(3) Test for formic acid in the distillate as follows: 
Warm to 50°, add HgO, and shake vigorously. Filter 
and boil the filtrate one minute; a gray precipitate 
of mercury develops: 

HgO +H .COOH = Hg +CO2 +H2O. 

(4) Into a test-tube put 3 c.c. of formic acid; add 
slowly 6 c.c. of H2SO4. Cork quickly with a cork 
through which passes a bent delivery-tube the end of 
which is to dip into a few cubic centimetres of dilute 
haemoglobin solution in another test-tube. The haemo- 
globin is changed to carbon-monoxide-haemoglobin, 
which has a cherry-red tint. The haemoglobin solu- 
tion is made by adding a drop of blood to a little dis- 
tilled water. 

Acetic acid, CH3COOH. There are various ways 
by which ethyl alcohol may be oxidized to yield acetic 
acid. In the laboratory, the addition of spongy 
platinum to alcohol contained in an open vessel causes 
the atmospheric oxygen to attack the alcohol, oxi- 
dizing it and producing acetic acid. The spongy 
platinum itself undergoes no change; it is a catalytic 
agent, merely transferring the oxygen to the alcohol. 

Pure alcohol or alcohol diluted with pure water 
does not spontaneously become converted into acetic 
acid when exposed to the air, but does so if the dilute 
alcoholic solution contains nitrogenous matter. This 
is because of the growth in the latter solution of a 
microorganism derived from the air {Mycoderma 
aceti), which, like spongy platinum, transfers atmospheric 
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oxygen to the alcohol. Nitrogenous matter is necessary 
for the life of this organism. It is in this way that 
wine becomes converted into vinegar. Mere exposure 
of wine or cider to air would, however, occupy too 
much time to produce sufficient vinegar to meet the 
demands of commerce, and consequently the above 
process has to be accelerated. This is done by allow- 
ing the wine to slowly percolate through freely per- 
forated barrels filled with beech shavings previously 
sown with the mycoderma by soaking them in strong 
vinegar. A slight amount of heat is generated during 
the oxidation; this creates currents of air which enter 
the barrels through the perforations in their sides, 
and in this way a sufficiency of oxygen for the process 
is supplied. Other alcoholic solutions besides wine 
may be used for the purpose, e.g., cider or beer, and 
frequently some alcohol obtained by fermenting glu- 
cose is added to these. The amount of alcohol in such 
solutions should not, however, be over ten per cent. 
The resulting vinegars contain about five per cent of 
acetic acid, besides various aromatic bodies. 

To obtain acetic acid in a pure state, fermentation 
of alcoholic liquids is, however, not employed. For 
this purpose wood is subjected to what is known as 
destructive distillation. It is heated at low tempera- 
ture (200°) in a retort from which air is excluded, and 
the vapours condensed. The resulting distillate con- 
sists of a mixture of a tarry material and a watery 
liquid known as pyroligneous acid. This latter con- 
tains, besides acetic acid, various other organic sub- 
stances, particularly acetone and methyl alcohol. By 
fractional distillation several of these are separated, 
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the second fraction, which contains most of the acetic 
acid, being neutralized with sodium carbonate and 
evaporated; the resulting sodium acetate is then 
dried and treated with sulphuric acid so as to liberate 
the acetic acid, which is then distilled. This first dis- 
tillate contains about 36 per cent of acetic acid. To 
further purify it, this dilute acid is passed through 
charcoal, and then redistilled. The final distillate, how- 
ever, still contains water. To separate this, the solu- 
tion is cooled down to a low temperature, when most of 
the acid solidifies. Since pure acetic acid solidifies on 
cooling, it is often called glacial acetic acid. 

Acetic acid is a colourless liquid, boiling at 118.1° 
(corrected) and with a specific gravity of 1.055 at 15°. 
By dilution with water the specific gravity rises, attain- 
ing the maximum when an acid of 80% is obtained 
(see table in Appendix, p. 351). When cooled down 
it solidifies, the crystals again melting at 16.75°. On 
the skin it raises blisters and causes pain. It has a 
characteristic odour and, in dilute solution, a pleasant 
acid taste. 

Experiments. (1) Into a small fractionating flask 
put 6 gm. of potassium dichromate and 10 c.c. of 
concentrated H2SO4; connect with a condenser; then, 
by means of a dropping funnel suspended by the cork 
of the flask, add drop by drop 12 c.c. of 20% alcohol. 
Heat until enough distillate is secured for the following 
tests. 

(2) Acetic add tests, (a) To 5 c.c. of the solution 
add 1 c.c. of H2SO4 and a few drops of alcohol. Shake, 
and note the odour of ethyl acetate on warming. 
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(b) Neutralize 5 c.c. with sodium carbonate solu- 
tion. When neutral add a few drops of ferric chloride 
solution. The mixture becomes brownish red; on boil- 
ing a coloured precipitate separates out. Filter; 
the filtrate is colourless. 

(3) Cool some glacial acetic acid in a large test-tube 
by means of ice-water, stirring with a thermometer. 
Melt the crystals with the heat of the hand, keeping 
the thermometer in motion, note the temperature at 
which the acid melts. 

In all its reactions acetic acid conforms with the 
structural formula CH3COOH. Since, in our practical 
exercises, we shall perform nearly all the reactions which 
have enabled chemists to ascribe this formula to acetic 
acid, it may be advantageous, when describing these 
reactions, to indicate how they bear out the structural 
formula. To illustrate clearly just exactly how a 
structural formula is arrived at by the chemist let us 
suppose that we are working with an unknown sub- 
stance which, by elementary analysis and molecular 
weight determination (see Chapter III and p. 56), 
we have found to possess the empirical formula 
C2H4O2. 

In testing the reaction of this substance we shall have 
found it acid, and on neutralizing it with monacid bases 
and evaporating, crystaUine salts will be obtained which 
on analysis will be found to contain one H atom less 
than the acid itself. These facts indicate that the acid 
dissociates into a kation of hydrogen, H', and an anion 
represented by the remainder of the molecule, C2H3O2'. 
In other words, one of the four H atoms must be repre- 
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sent^d in the stnietural fomiula as diflferent from the 
others: C2H3O2— H. 

The bases which may be employed to neutralize the 
acid are conveniently divided into metallic and ethereal. 

Metallic salts of acetic acid — the acetates — are 
very numerous. Sodium and potassium acetates 
(C2H3O2K; C2H302Na) are extensively used for various 
purposes in the laboratory, bead a^xtaie, Pb(C2H302)2, 
on account of its possessing a peculiar sweetish taste, is 
known as sugar of lead. It is used in medicine as an 
astringent. When it is mixed with lead oxide the 

y'OH 

compound is known as basic lead acetate, ^i\n, tt q 

In the presence of carbonic acid, basic lead acetate 
forms densely opalescent solutions on account of the 
insoluble lead carbonate which is formed. In boiled 
distilled water the solutions are nearly clear. The lead 
acetates are valuable precipitating reagents and are 
extensively employed for this purpose in bio-chemistry. 
Copper acetate is a well-known salt and is used as a 
reagent. All these acetates are most simply prepared 
by dissolving the metallic hydroxides in acetic acid. 

Ethereal Salts of Acetic Acid. In studying alcohol we 
saw that its hydroxyl group (OH) is replaceable, for 
example, by halogens (CI, Br, or I), or, as in the case 
of ethereal salts, by the organic acid radicle C2H3O2. 
Since the ethereal salts are of considerable importance 
and are numerous, we shall postpone their consideration 
till later. 

So far we have seen that one of the H atoms in acetic 
acid differs considerably from the others. By another 
set of reactions we can show that this same H atom 
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must be intimately connected with one of the atoms, 
the resulting group, which we have already met with 
in alcohols, being hydroxyl. This hydroxyl is, as we 
have seen, replaceable by halogens. Thus, when acetic 
acid is treated with PCI3, the following reaction ensues : 
3C2H3O2H +2PCI3 =3C2H30C1 +3HC1 +P2O3. The hy- 
droxyl group is evidently substituted by CI, just as in 
the case of water or alcohol : 

3H0H 4-PC13 =3HC1 +P(0H)3. 

We must therefore assume that acetic acid can under 
certain conditions be caused to split up into C2H3O and 
OH. The former of these is called the acetyl group, the 
latter is of course hydroxyl. 

Acetyl chloride, C2H3OCI, belongs to the class of 
acid chlorides and may be prepared by the method 
described in the following experiment: 

Experiment. Put 25 c.c. of glacial acetic acid into 
a fractionating flask. Suspend a dropping funnel by 
the cork. Attach the flask to a condenser. As a 
receiver, fit a filtering flask on to the condenser-tube 
with a cork (see fig. 21), and attach to the side tube 
of the filtering flask a calcium chloride tube. All mois-^ 
tiu-e must be carefully excluded in this manner. Add 
to the acid through the dropping funnel 20 gm. of 
phosphorus trichloride, the flask being immersed in 
a bath of ice-water. When cooled, substitute a warm 
bath at 40^-50°. Keep the temperature at this point 
until the evolution of HCl ceases (have the apparatus 
under a hood). Bring the water of the bath to active 
boiling and distil the acetyl chloride. 
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Fig. 21. 



It is a colourless volatile fluid, boiling at 55°. In the 
presence of water it readily decomposes, as represented 
in the following equation: 

CaHaOl cTKH lOH =C2H300H +HCL 

The atmospheric moisture is sufficient to cause this 
reaction, so that when acetyl chloride is exposed to the 
air it fumes, the fimies being very suffocating and 
disagreeable. (It should be kept in tightly stoppered 
bottles.) The H of the hydroxyl group of alcohols 
reacts similarly with acetyl chloride, thus: 



C2H3OICI +HiOC2H5 -C2H3OOC2H5 +HC1, 

' (Ethyl acetate) 
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the ethereal salt of acetic acid with the radicle of the 
alcohol used being formed. . On this account acetyl 
chloride is an invaluable reagent for the detection of 
hydroxyl; if we find that' a substance when treated 
with acetyl chloride forms an ethereal acetate we may 
conclude that the substance contains hydroxyl other 
than the hydroxyl of carboxyl. 

Experiment. To 3 c.c. of absolute alcohol add 3 c.c. 
of acetyl chloride. HCl is evolved. Note the odour of 
ethyl acetate. 

The above experiments, therefore, justify our writing 
the formula C2HSOOH. Further corroboration of this 
is found in the fact that two molecules of acetic acid 
can be made to unite together with the loss of a mole- 
cule of water, thus: 

C2H300iH| r TT n\ 
C2H3OIOH] ^^HaOX 

the resulting body being acetic anhydride. For practi- 
cal purposes acetic anhydride may be prepared by 
acting on acetyl chloride with anhydrous sodiimi 
acetate, thus: 

CaHaOOlNn p tt 0\ 

4- I I =J^25'n>0+Naa 
C2H3O ICIJ ^^HaO/ 

It is a fluid giving off a suffocating vapour. Added 
to water, it sinks to the bottom of the vessel, but 
gradually becomes reconverted into acetic acid. Its 
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readiness to re-form acetic acid causes it to attack the 
hydroxy^ group of alcohols and other hjrdroxyl com- 
pounds, one of the acetyl groups becoming thereby 
attached in place of the OH group, thus: 

C2H5IOH OCyaal = C2H5OOC2H3 + C2H3OOH. 

' "-/'• = (Ethyl acetate) (Acetic add) 

aX)2H3 

Like acetyl chloride, it may therefore be employed 
for ascertaining whether a substance contains hyclroxy 
not in carboxyl, and if so, how many such groups it con- 
tains (see p. 151). 

There remains for us to find out how the acetyl 
radicle C2H3O is composed. A clue to this is furnished 
by the observation that methane, CH4, and a carbonate 
are obtained by heating anhydrous sodium acetate 
with soda-Ume (see exp., p. 77) : 

CaHsOONa +NaOH =Na2C03 +CH4. 

This must mean that the two carbon atoms are of dif- 
ferent value and that one of them exists in combination 
with hydrogen as methyl, CH3. 

Further corroboration of this is furnished by the 
fact that acetic acid can be produced by the hydrolysis 
of methyl cyanide^ (see exp.), thus: 

CH3CN +2H2O ^CHaCOOH +NH3, 

and also by the fact that the three H atoms which be- 
long to the methyl group can be separately replaced by 

* Methyl cyamde may be obtained by methods described 
on p. 155, 
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chlorine atoms, thus forming the substitution products 
mono-, di', or tri-chloracetic add: 

C2H3O . OH +CI2 =C2H2C10 . OH +Ha 
C2H2CIO . OH +CI2 =C2HCi20 . OH +HC1, 
C2HCi20 . OH +CI2 =C2Cl30 . OH + HCl. 

The resulting substitution products retain the acid 
properties of acetic acid, such as the power of forming 
ethereal salts, anhydrides, etc. 

If we represent acetic acid as containing a methyl 
group its formula must be written either CCH3OOH or 
CH3COOH: which of these is correct? A little con- 
sideration will show us that the first formula is impos- 
sible, at least in a saturated compound, so that by exclur- 
sion we must accept the latter. Further evidence that 
the group COOH does actually exist in acetic acid is 
given by the following observations: 

(a) The result of the hydrolysis of methyl cyanide; 

CH3CN +2H2O =CH3C00H +NH3. 

(6) The result of electrolysis of acetic acid. The 
kation H' is Uberated at the kathode; the a4nion 
CH3COO' passes to the anode, where it is Uberated as 
CO2 and ethane (the two methyl (CH3) groups from 
two molecules having united together). 

(c) The formation of sodium acetate by treating 
sodium methyl with CO2: CH3Na+C02 = CH3COONa. 

Experiment. Take 2 gm. of acetonitrile (prepared 
as directed in the experiment under methyl cyanide, 
see p. 155) and mix with 10 c.c. of 60% KOH in a 
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small flask. Attach the flask to an upright (reflux) 
condenser. Heat for forty-five minutes. Note the 
ammonia escaping from the top of the condenser. 
NeutraUze the resulting fluid with HCl and test for 
acetic acid (see previous experiments): 

CH3CN +2H2O =CH3 • COONH4, 
CH3 •COONH4 +KOH =CH3 COOK +NH3 +H2O. 

THE' CAUSE OF THE RELATIVE STRENGTHS OF ACIDS 
(AND BASES). 

It is important to imderstand what it is that consti- 
tutes the strength of an acid or alkaU. This obviously 
cannot be gauged by titration with indicators: a 
normal solution of any acid will be neutralized by an 
equal volume of a normal solution of any alkaU, and 
yet such acids as HCl, H2SO4, etc., are far more 
reactive — ^are stronger, in other words — ^than such acids 
as acetic, lactic, etc. This difference in strength is 
explained by the fact that only a certain fraction of 
any acid or alkaU is effective, the value of this fraction 
being proportional to the strength of the acid or alkaU. 
The effective fraction of an acid is that portion of it 
which becomes ionized. In solution, acids ionize into 
a kation of hydrogen (which being charged with + 
electricity is often called the positive ion) and an 
anion of the rest of the molecule (see p. 52). In the 
case of solutions of strong acids a much greater pro- 
portion of acid ionizes in this way than in the case of 
an equimolecular solution of weak acids. We may 
therefore state that the active acidity of a solution of 
an acid depends on the concentration of the hydrogen ions. 
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In the case of bases, e.g., KOH, NH4OH, dissociation 
in solution into kations of the metal or its equivalent 
(K,NH4) and into anions of hydroxyl occurs. It is the 
concentration of the hydroxyl ions which determines 
their strength (cf. amines, p. 159). 

In a solution of HCl, for example, there exist: (a) 
undissociated HCl, (6) kations of H', and (c) anions 
of CI'; in a solution of acetic acid: (o) undissociated 
CHs-COOH, (6) kations of H*, and (c) anions of 
CH3COO' : but the amount of (a) in the two cases will 
be very different, there being much less dissociation 
(i.e., (o) is of greater value) in the case of acetic acid 
than in the case of hydrochloric acid. In every acid, 
therefore, there must exist a certain proportion between 
the undissociated and the dissociated portions. This 
will, of course, vary at different dilutions, for it will be 
remembered that dissociation increases with dilution 
(see p. 53). Since it is known that the electrical con- 
ductivity of a solution depends on the amount of dis- 
sociation of the electrolyte dissolved in it, we may 
obtain a value for this proportion by measurement of 
electrical conductivity. 

At infinite dilution strong acids or bases and salts are 
entirely dissociated; therefore at finite dilution the de- 
gree of dissociation (or the proportion of the substance 
existing in the state of ions) is equal to the quotient of 
the molecular conductivity at the dilution considered f/», 
by the molecular conductivity at infinite dilution f/^. 
Representing the degree of dissociation by M, we have 

M=Yj^. M, therefore, expresses the strength of the 

acid at the dilution an(J temperature considered. 
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But it would obviously be much more convenient to 
possess a value which expresses the strength of the 
acid (or base) at all dilutions. Such a constant value, 
called k, can be obtained at least for weak acids and 
bases (half electrolytes, i.e., those with which we have 
mainly to do in organic chemistry) by Ostwald's 

equation /TZTjCf)^^* where v represents the volume 

in litres containing one gram-molecule of the acid or 
base. As A is a smaU number, it is usual to multiply 
it by lOOj the product being denoted by K. 
For the more common acids K is as follows: 
Formic, 0.0214; Acetic, 0.0018; Propionic, 0.0013; 
n-Butifric, 0.0015; Valeric, 0.0016. 

It will be noted that formic is by far the strongest 
of these. Unfortunately for comparative purposes, 
strong mineral acids do not obey the law on which 
- Ostwald's formula is based, so that we cannot obtain K 
for them. If, however, we take the value of M when 
v = 16, we get the following comparative figures: 

HCl, lOOM =95.55. Acetic acid, lOOM =1.673. 

ETHEREAL SALTS, 

Comparable with the salts of inorganic chemistry 
there are derivatives of organic acids in which the 
hydrogen of carboxyl is replaced by some hydrocar- 
bon radicle. Thus ethyl acetate has the formula 
CH3COO 02115, from which it is seen that the two 
constituent radicles are linked together through an 
oxygen atom as in the ethers (see p. 89), On this 
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account such compounds ar^ usually called ethereal 
salts or more briefly esters. In a looser sense, com- 
pounds of mineral acids with organic radicles, as ethyl 
nitrate, C2H5ONO2, and ethyl sulphate, (C2H 5)2804, are 
included in this group; but since such as these have 
been considered elsewhere we shall study at present 
only those salts in which both basic and acid por- 
tions are organic. 

Inorganic salts are immediately formed when solu- 
tions of an acid and a base are mixed together, for, 
both of these being ionized, the hydrogen ion of the 
acid immediately unites with the hydroxyl ion of the 
base to form water: 

(B- +0H') +(H- +Z') =(B- +Z0 +H2O.1 

(Base) (Acid) (Salt) 

Ethereal sialts are, however, not thus readily formed, 
for the reacting base, being an alcohol, is not ionized, 
but remains as a molecule, and on this the acid only 
slowly acts : 

R.0H + (H-+Z')=RZ-i-H20. 

(Alcohol) (Acid) (Ester) 

Not only are inorganic distinguished from ethereal 
salts in their ease of formation but also in their dissoci- 
abiUty in solution, the former being usually entirely 
dissociated in solution, the latter not at all so. In 
this connection it is of great importance to point out 
that salts of organic acids with metals do undergo 

* This equation will serve as an example of how ions are 
represented in a reaction. 
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dissociation in solution and to about the same extent 
as inorganic salts. Thus in a solution of ethyl acetate 
there are no free ions, whereas in one of sodium acetate 
dissociation into Na' and CH3COO' ions occurs. 

Mass Action. The formation of an ethereal salt when 
an alcohol and an acid are directly mixed, although slow, 
yet proceeds imtil a balance between the four constitu- 
ents is established (i.e., between acid, alcohol, salt, and 
water). This is because the reaction is a reversible 
one; in other words, whenever a sUght excess of ethereal 
salt comes to exist in the mixture, it decomposes by 
the action of water on it into the acid and alcohol, 
thus: 

CH3COOC2H5 +HOH ^ CH3COOH +C2H5OH. 

Such reversible reactions are often represented in equa- 
tions by two arrows in place of the sign of equality. 

The amount of ester thus formed depends on the 
relative amounts of acid and alcohol present and not 
on the temperature. With a given amount of alcohol 
an increase in the amount of acid increases the yield of 
ethereal salt, and, conversely, the same is true with 
a given amount of acid when more alcohol is used. 
Since the progress of the formation of the above ester 
can be followed by titrating the residual acid, the 
reaction has been extensively employed in studying 
the laws of mass action. 

The fundamental law of mass action states that the 
product of the number of gram-molecules per litre of 
the substances on the one side of the equation divided 
by the product of these on the other side is equal to 
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some constant. In the case of the above reaction we 
have therefore the equation 

C 3 ci'^l xC alcohol ^ ^ 

7^ /-^ : — = constant, 

C eyierxC water ' 

where represents gram-molecules per litre - of the 
reacting substances. 

It will be evident that if we increase C £ci 1 while C 
alcohol remains constant, then C ester must increase, 
which leads us to the conclusion that if enough acid be 
added all the alcohol will become converted into ester, 
or, conversely, that if more alcohol be added, the acid 
remaining constant, the same will be true. 

Temperature does not affect the constant to any 
marked degree, i.e., does not influence the ultimate 
amount of ethereal salt produced. On the other hand, 
it greatly influences the rate of reaction, i.e., the time 
that it takes for the condition of chemical equilibrium 
to be reached. Thus a rise in temperature increases 
the velocity of the reaction (as a rule the rate doubles 
for each increase of ten degrees in temperature). By 
studying different alcohols and acids, it has been found 
that if equimolecular amounts of acid and alcohol be 
used the limit of esterification, i.e., the constant, varies 
only sUghtly, but the rate is much greater for such 
acids as acetic than it is for such as benzoic, and for 
primary than for secondary alcohols. 

The amount of ester produced can be greatly increased 
by removing the water formed during the reaction, and 
in some cases this can be accomplished. By removing 
the ethereal salt as it is formed (e.g., by distillation 
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or crystallization) much higher yields can also be obtained 
(see exp., p. 131). 

Preparation of Ethereal Salts. The more usual meth- 
ods for preparing ethereal salts are the following: 

1. By heating a mixture of the acid and alcohol 
with sulphuric acid : ethylsulphuric acid is first formed 
and then reacts with the acid, sulphuric acid being 
re-formed (cf. ether, p. 91), thus: 

(a) C2H5JOH— Hi . I1S04 =C2H5 • HSO4 -i-HaO. 

(6) C2H5|]HS04^|OOCCH3 = 

C2H5— OOC.CH3 +H2SO4. 

2. By heating a mixture of the acid and alcohol with 
hydrochloric acid gas : an acid chloride is probably first 
formed, which then reacts with the alcohol: 

(a) CH3CO1OH THjCl =CH3C0 CI +H2O. 

(6) CH3C0iCl +HJ0C2H5 =CH3C00 CgHs +HC1. 

3. Or the second stage of this reaction (b) can be 
itself used for the production of ethereal salts by 
treating an alcohol with an acid chloride or an anhy- 
dride of an acid. In this latter manner the. acetyl or 
benzoyl (see p. 119) derivatives of many substances 
can be produced, and these, being readily purified, are 
extensively prepared for purposes of identification. 
The .addition of sodium hydroxide accelerates this 
reaction in the case of benzoyl compounds (see p. 276). 

4. By treating a silver salt of an acid with an alkyl 
haUde (as iodide) : 

CHsCOOl A^C2H5 =CH3COOC2H5 + Agl. 
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Properties. Esters in a pure state are stable; in 
watery solution they slowly decompose into acid and 
alcohol, the decomposition being greatly accelerated by 
boiling with water and by the action of acids or 
alkaUes. Hydrolysis ^ most readily occurs with those 
esters which are easily formed; thus methyl acetate is 
more readily formed and is more easily hydrolyzed than 
ethyl acetate. 

Many esters have pleasant odours, often simulating 
those of fruits. On this account some of them are 
used as artificial fruit essences (see p. 136) . 

Ethereal salts include the neutral fats (see p. 149). 
The two most important ethereal salts of acetic acid 
are methyl and ethyl acetates. Prepared by the 
general methods described above, both these bodies are 
liquids with pleasant odours. Ethyl acetate is com- 
monly called acetic ether. 

From a bio-chemical standpoint the acceleration 
which acids induce in the hydrolysis of esters is of 
interest, partly because a method for the quantitative 
determination of the acid in gastric juice is based on it, 
and partly because it typifies catalytic action, which is 
the means possibly by which ferments produce their 
actions. 

If equimolecular quantities of dififerent acids be 
added to similar quantities of methyl acetate, it will 
be found that the acceleration of hydrolysis produced 
varies greatly with the acid employed. HCl and HNO3 

^ Hydrolysis of esters is commonly called saponification (see 
p. 152). 
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produce about the greatest acceleration, whereas the 
commonest organic acids have only a feeble influence; 
thus the accelerating influence of oxalic acid is only 
19% and of acetic only 0.4% of that of HCl. Now it 
has been found that the electrical conductivity of dilute 
solutions of the acids is directly proportional to their 
accelerating (catalytic) power, which leads us to the 
conclusion that the catalytic power depends on the 
amount of dissociation which the acids undergo; in 
other words, on the number of hydrogen ions existing 
in the solution (see p. 123) . By this means, therefore, 
we have a practical method for gauging the relative 
strengths of acids (see p. 133) . 

Further, if we add dilute solutions of varying strengths 
of the same mineral acid to methyl acetate it will be 
found that the saponification is proportional to the 
strength of acid added. It is important to note that 
this law holds only for dilute solutions (less than deci- 
normal) oT strong acids and not at all for weak acids. 
By comparing the amount of saponification of methyl 
acetate which occurs when a known quantity of acid 
is added, with the amount occurring in a similar solu- 
tion of methyl acetate having an unknown quantity of 
the same acid, an estimate can be made of the amount 
of acid actually present in the latter. In this com- 
parison the two solutions must of course be kept at 
ihe same temperature and the action allowed to pro- 
ceed for the same length of time (see exp. below). 

Experiments. (1) Put into a medium-sized flask 
10 c.c. of alcohol and 10 c.c. of C.P. H2SO4. Use a two- 
hole cork; by one hole suspend a dropping funnel, by the 
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other connect with a condenser. Place the flask in an 
oil-bath; record the temperature of the bath with a 
thermometer. Heat until the oil is at 140°, then begin 
running in slowly by the dropping funnel a mixture of 
80 c.c. of alcohol and 80 c.c. of glacial ac.etic acid. Keep 
the temperature of the bath constant at about 140*^. 
Regulate the inflow of acid alcohol to about correspond 
to the rate of distillation. Wash the distillate in the 
receiving flask with sodium carbonate solution until the 
top layer is no longer acid to Utmus. Separate with a 
seps^rating funnel. Add to the acetic ether a cold solu- 
tion of 20 gm. of calcium chloride in 20 c.c. of water and 
shake. Separate with the funnel. Put the ethyl ace- 
tate into a dry flask, add solid calcium chloride, cork, 
and let it stand a day or so. Redistil on a water bath, 
noting the boiling-point (74.5° at 742 mm. barometric 
pressure). Determine the specific gravity (0.905 at 
17°). 

(2) Determine the rate of saponification of ftiethyl ace- 
tate as influenced by different strengths of acid (HCl). 
Into each of two small flasks put 1 c.c. of methyl 
acetate measured accurately with a pipette; to one add 
with a pipette 20 c.c. of HCl solution of known strength 
(say 0.4%) ; to the other add 20 c.c. of HCl more dilute, 
but of unknown concentration; cork each flask and 
shake. As quickly as possible titrate 5 c.c. of each mix- 
ture successively with deciiiormal NaOH, using phenol- 
phthalein as an indicator. This gives the acidity of each 
at the beginning of the experiment. Cork the flasks 
tightly and keep them in an incubator at about 40° for 
three or four hours, then, after shaking and cooling, 
take 5 c.c. from each and titrate again. The increase 
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in acid (due to acetic acid liberated by saponification) 
is found by deducting the initial titration from this 
second titration. The stronger solution causes the 
greater amount of saponification. To calculate the 
exact strength of the unknown acid solution by com- 
parisonwith the known we -must find out the Umit of 
saponification for the known strength; to do this leave 
the flask containing this acid in the incubator for forty- 
eight hours, then titrate again. The titration at the 
end of this period, less the initial titration, gives an 
acid value called A; this is the niunber of cubic centi- 
metres of decinormal acetic acid that can be Uberated 
by saponification of the methyl acetate by 0.4% HCl. 
Now we can reckon the per cent of HCl in the other 
solution in the following manner: Find the value of 

the constant in the formula C =log I . _y j for each 

solution, but call the constant of the known solution C 
The observed increase in acid content during the three 
or four hours' incubation is X. 

Take a particular experiment. A known solution 
(0.43435% HCl) gave A =24.9 (c.c). The increase 
(after four hours) in the known solution was 12.1 (c.c), 
therefore il-Z -24.9-12.1 =12.8: 

/24 9\ 

With the unknown solution X=7 (c.c), il-Z=17.9: 
C=log(f||) = .1430. 
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Now the per cent of HCl in the unknown 

• = ( ^of^wD (P"' ^'^* H^^ ^^ '^^^^)- 

Therefore per cent = (*-^) (0.43435) =0.21544. 

In this particular case the unknown was of exactly 
half the strength of the known solution. 

The rate of saponification bears a definite relation 
to the number of hydrogen ions present in the solu- 
tion. Therefore with dilute solutions of easily ioniz- 
able acids (which are completely dissociated), as most 
mineral acids, an accurate estimation of the quantity of 
acid present can be made by this method. Most organic 
acids furnish so few hydrogen ions (see p. 109) that their 
presence has practically no effect. In consequence, the 
method is by all odds the best for determining the per 
cent of HCl present in gastric juice or stomach contents. 

OTHER FATTY ACIDS. 

Propionic acid (propanoic acid), CH3-CH2-COOH, 
resembles acetic acid. It can be prepared in similar 
ways as the latter, namely, by oxidation of propyl 
alcohol, by hydrolysis of ethyl cyanide, and by the 
action of CO2 on sodiumethyl. In addition it can be 
made by reduction of lactic acid, thus : 

CH3CHOH.COOH+2HI=CH3-CH2COOH+H20+l2. 

CLactic acid) 

The hydriodic acid furnishes nascent hydrogen, and this 
brings about reduction. 
Corresponding to chloracetic acids there are chlor- 
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propionic acids. But the halogen may take the place of 
hydrogen either in the CH3 group or in the CH2 group of 
propionic acid. It becomes necessary, therefore, to dis- 
tinguish between these two positions in the molecule. 
This is done by using Greek letters, a and /?. In order 
to have a rule which will apply to all acids, no matter 
how many carbon atoms the acid may contain, it is 
necessary to count backwards from the carboxyl group : 
thus, the group next to the COOH is in the a position, 
the second group is in the /? position, and so on; for 
example, CHa^CHCl-COOH is a-chlorpropionic add, 
CH2Cl^CH2'COOH is ^-chlorpropionic acid. 

Butyric acid (butanoic acid), CH3-CH2-CH2-COOH, 
ia normal butyric acid. 

IsobiUyric acid or methylpropanoic acid has the for- 

CH \ 
mula pjTj^^CH— COOH. Normal butyric acid is fer- 
mentation butyric acid, and occurs in Limburger cheese, 
rancid butter, and sweat. It may be prepared by oxi- 
dation of butyl alcohol and by hydrolysis of propyl 
cyanide. Butter contains about five per cent of butyrin, 
which is the glycerol ester of butyric acid (see p. 146); 
the acid can therefore be obtained by hydrolysis or 
saponification of butter (see exp., p. 152). Micro- 
organisms can cause fermentation of butter, with result- 
ing hydrolysis of the ester (butyrin) and setting free of 
butyric acid. Butyric acid is soluble in water and vola- 
tile. Oleomargarine contains very little butyric or 
other soluble volatile fatty acids. On this account it 
can readily be identified by making an estimation of the 
volatile acids in the manner to be described later in an 
experiment (see p. 152). 
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Butyric acid can also be made from cane sugar as 
follows: The sugar solution, acidified with tartaric acid, 
is inoculated with sour milk: one variety of micro- 
organisms in the latter "inverts " the sugar into dextrose 
and laevulose; another variety ferments these monosac- 
charides, producing lactic acid; while a third variety con- 
verts the lactic acid into butjrric acid: 

C12H22O11 +H2O =06X11206 +C6H12O6, 
(Cane sugar) (Dextoose) (LnvukMe) 

C6Hi20e =2C3H603, 
(Lactic acid) 

2C3H6O3 =CH3 • CH2 • CH2 • COOH +2CO2 +2H2. 

(Butyric acid) 

Similar fermentation, with production of lactic and 
butyric acids, may occur in the stomach when the hydro- 
chloric acid of the gastric juice is deficient in amount or 
absent altogether. The gases formed (CO2 and H2) 
cause the flatulence present in such cases. Butyric acid 
has the peculiar disagreeable odour characteristic of 
rancid butter. 

The ethereal salt C3H7 00002116, ethyl butyrate, re- 
sembles pineapple in odour. It is used as a flavouring 
material in place of pineapple juice. 

Valeric acid (valerianic acid), 

CHa-CHgOHgOHaOOOH, 

is the normal acid. Ordinary valeric acid, however, is 

isovaleric acid, ch!/^-^ ' ^^^ • OOOH. It occurs in vale* 

rian root. 

Amyl valerate, O4H9OOOO5H11, smells like apple^ 
and is therefore used as an apple essence. 
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« 

Caproic acid is CHa-CHa-CHa-CHa-CHa-COOH. 

Of the higher fatty acids mention need be made only 
of palmitic, CisHai-COOH, and stearic, CiyHss-COOH, 
both of which are contained in fats. They are insol- 
uble and non-volatile. Palmitic acid melts at 60^, 
stearic acid at 68^. 



CHAPTER XIII. 

SECONDARY AND CERTAIN OTHER MONACID . 
ALCOHOLS. KETONES 

SECONDARY ALCOHOLS AND THEIR 
OXIDATION PRODUCTS, 

Secondary alcohols contain the group CHOH, as 
in CHs'CHOH'CHs, secondary propyl alcohol. None 
of the secondary alcohols is of any importance. 

When a secondary alcohol is oxidized an aldehyde is 
not formed, but a ketone: 

CH3-CH0H.CH3 + 0=CH3-C0.CH3+H20 
or 

CH,-C-CHs 



/ 



/^""oy 



A ketone is in all essential points identical with an 
aldehyde, the only difference being that in the case of 
an aldehyde the oxygen atom is attached to a carbon 
atom at one end of the cham, while in a ketone it is 
attached to an inner carbon atom. Furthermore many 
ketones act as reducing agents toward alkaline silver 
and copper solutions. Some ketones ^ve the fuchsin 
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test (see p. 107). Many ketones form addition com- 
pounds with acid sulphites and with hydrocyanic acid 
(c/. aldehydes) . Ketones do not polymerize, but they 
form condensation products. 

The reaction of phosphorus pentachloride with 
ketones is similar to that with aldehydes: 

CHs • CO . CH3 +PCI5 =CH3 • CCI2 • CH3 +POCI3. 

No hydrochloric acid is produced and a dichlor deriva- 
tive is formed, therefore a ketone does not contain 
hydroxyl. The most important ketone is acetone. 

Acetone (dimethylketone or propanone), CH3 CO CHs, 
is the simplest ketone. It is produced by distilling 
calcium acetate, 

gg^~^^QQ>Ca = CH3 ' CO ♦ CH3 +CaC03. 

It may also be obtained by oxidation of secondary 
propyl alcohol. Its synthesis from zinc methyl and 
acetyl chloride proves the structural formula for acetone: 

\ChJ =2CH3-C0^CH3 +ZnCl2. 

It is present in crude wood alcohol, and in the urine 
under certain conditions, especially in severe cases of 
diabetes. It is a useful solvent. Acetone is a liquid, 
boiling at 66.3° (corrected). Its specific gravity is 
0.812 at 0°. Tf ascent hydrogen converts it into secondary 
propyl alcohol. It does not oxidize to an acid con- 
taining the same number of carbon atoms, but to 
acetic and formic or carbonic acids. Acetone gives the 
iodoform test. 



CH3 


•co- 


CI 


+ 


Zn 


CH3 


co- 


CI 
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Experiments. (1) Make iodoform, using acetone in- 
stead of alcohol (see p. 87). 

(2) Dissolve 2 c.c. of acetone in very dilute H2SO4; 
add KMn04 solution until a pink colour remains on 
warming. Filter, make the filtrate strongly acid with 
20% H2SO4, and distil. Test the distillate for acetic 
acid (see p. 115). 

(3) Shake 5 c.c. of acetone with 5 c.c. of a strong 
solution of sodium bisulphite; cool; crystals of the 
addition compoimd of acetone appear. 

yO— H 

Chloretone (chloroform acetone), CH3 — C-^^ CCI3, 

\CH3 
is an addition product of acetone. It is formed by the 
interaction of acetone and chloroform in the presence of 
an excess of KOH. It is a useful hypnotic. 

Sulphonal, another hypnotic, is produced from, 
acetone (see p. 164). 

Some acids are ketone acids containing both the 
carbonyl and carboxyl groups. Aceto-acetic acid, 
CH3 • CO • CH2 • COOH, typifies these and is of importance, 
since it may occur in the urine (see p. 170). 
, Tertiary alcohols, when oxidized, decompose into com- 
pounds containing fewer carbon atoms than the alcohol. 
The tertiary alcohols are of no importance. 

Little need be said of other monacid alcohols, ex- 
cept that most waxes are 'esters of monacid alcohols 
containing a large number of carbon atoms — ^for ex- 
ample, ceryl alcohol, C27H55OH; and melissic alcohol; 
C3()H6jOH» 



CHAPTER XIV. 
DIACID ALCOHOLS AND DIBASIC ACIDS. 

DIACID ALCOHOLS, 

DiACiD alcohols contain two hydroxy! groups. They 
are comparable to Ca(0H)2. The simplest diacid alco- 
hol and the only one of importance is glycol (ethandiol), 
CH2OH 

I . The method of preparation shows that both 

CH2OH 

hydroxyl groups are not attached to the same carbon 
atom. Ethylene is produced from ethyl alcohol by 
heating the latter with an excess of sulphuric acid. The 
ethylene is saturated with bromine, forming ethylene 
bromide, in the manner described in the experiment (see 
p. 230) From ethylene bromide glycol can be obtained 
by the action of silver hydroxide: 

CH2|ir^|0H CH2OH 

I 4- =1 +2AgBr. 

CH2l Br Ag jOH CH^OH 

Glycol is a colourless glycerol-like liquid, of sweetish 
taste. It boils at 195® and has a specific gravity of 
1.128 at 0®. 

It forms two classes of ethereal salts, according to 
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whether one or both hydroxyls are replaced. Similarly 
there are two sodium aleoholates of glycol: 

CHaONa 

I , monosodium glycolate. 

CH2OH 



CHgONa 

, disodium glycolate. 
HaONa 



I. 



The oxidation products of glycol are numerous because 
of the presence of two primary alcohol groups. There 
are two aldehydes: 

CH2OH - 

I , glycoUc aldehyde, and 

CHO 

CHO 

I , glyoxal. 
CHO 

CH2OH 
Oxidation of the first gives rise to glycolic acid, \ ; 

COOH 
this will be considered under hydroxy-acids (see p. 165). 

CHO 
Oxidation of glyoxal gives | , glyoxylic acid; this is 

COOH 
really a dihydroxy-acid, as will be seen later (see p. 171) . 
These two acids are monobasic. Complete oxidation of 
glycol results in the formation of a dibasic acid, oxalic 

COOH 
acidy I 

COOH 



DJACID ALCOHOLS AND DIBASIC ACIDS. 143 



DIBASIC ACIDS. 
The simplest is oxalic acid. The next members of the 
series are vmlonic acid, C!H2<^qqqtt, succinic acid, 

CH2 — COOH /CH9 COOH 

I , and glutaric acid, CH2Vr«xT^ nr^i-kxj. 

CH2-COOH \CH2--COOH 

General methods for the production of dibasic acids are 
(1) by hydrolysis of cyan-acids, (2) by oxidation of diacid 
alcohols, and (3) by oxidation of an hydtoxy-acid. 
COOH 

Oxalic acid, | , forms crystals containing two 

COOH 
molecules of water for each molecule of oxalic acid. 
The crystals readily effloresce. It may be prepared by 
oxidation of cane sugar with nitric acid. It is made 
commercially by heating sawdust with caustic potash 
and soda. Oxalic acid is one of the strongest of all 
organic acids, because its solution contains more 
hydrogen ions than the corresponding solutions of 
most other organic acids (see p. 123) . 

When oxaUc acid is heated, it first loses its water of 
crystallization, then decomposes into carbon dioxide, 
carbon monoxide, water, and sopne formic acid. If 
heated in the presence of glycerol, formic acid and carbon 
dioxide are formed (see p. 112). Sulphuric acid decom- 
poses it to carbon monoxide, carbon dioxide, and water. 
Potassium permanganate in warm acid solution oxidizes** 
it to carbon dioxide: 

2KMn04 +5(COOH)2 +3H2SO4 =10CO2 +K2SO4 + 

2MnS04+8H20. 
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Oxalic acid forms two classes of salts, acid and neu- 

COOH 
tral. Acid ^potassium oxalate^ \ , occurs in plants, 

COOK 

particularly sorrel. Ammonium, potdssium, and sodium 
oxalates are soluble; all other oxalates of metals are 
' practically insoluble. Calcium oxalate frequently occurs 
in the urine as a crystalline sediment. 

Oxalic acid is poisonous and has been used for suicidal 
purposes. 

Experiments. (1) Preparation of oxalic acid. Heat 
200 c.c. of HNO3 in a large flask to 100°. Set in a fume- 
closet and add 50 gm. of cane sugar. When the evolu- 
tion of fumes has ceased, evaporate the acid mixture in 
an evaporating dish to about one fifth its original volume. 
Cool and collect the crystals. Recrystallize, using as 
little hot water as possible. 

(2) Heat some dry crystals of oxalic acid in a test- 
tube — ^loss of water of crystallization occurs, as shown 
by drops collecting on the cool part of the tube. 

(3) Decompose some oxalic acid with H2SO4; test the 
evolved gases for CO2 (baryta water, as on p. 3) and 
CO (haemoglobin solution, as on p. 113). 

(4) To 5 c.c. of oxalic acid solution add a few drops of 
H2SO4, warm, then add potassium permanganate solu- 
tion — it is decolorized. 

Malonic acid, C!H2<^pqqtt, is of importance mainly 

in bringing about certain organic syntheses. 
CH2— COOH 
Succinic acid, | , is normal succinic acid 

CH2-COOH 
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and may be produced by hydrolysis of /?-cyanpropionic 
acid: 

CH2CN .CH2 COOH +2H2O =CH2-C00H 

I +NH3. 

CH2— COOH 

If caustic potash is used to effect hydrolysis, potassium 
succinate would be formed. 

If a-cyanpropionic acid be hydrolyzed isosuccinic 
acid is formed: 

CH3 CHCN COOH +2H2O =CH3 +NH3. 

I /COOH 
^^\COOH 

These two acids give different reactions. 

Normal succinic acid when heated to 236° yields 
siiccinic anhydride and water: 

COOH.CH2CH2COOH =CH2— C0\ 

I >0+H20. 

CH2— CO/ 

(Succmic anhydride) 

Isosuccinic acid, however, when heated above 130*^, 
breaks up into propionic acid and carbon dioxide: 

CH3CH<^^^JJ=CH3CH2COOH+C02. 

It is, indeed, a general rule in organic chemistry that 
two carboxyl groups cannot remain attached to the 
same carbon atom at high temperatures, carbon dioxide 
being split off from one of the carboxyls. 



CHAPTER XV. 
TRIACID ALCOHOLS, FATS, AND SOAPS. 

TRIACID ALCOHOLS. 

CH2OH 

I 
Glycerol (glycerine or propanetriol), CHOH, is the 



i, 



^HaOH 

only triacid alcohol of importance. Glycerol occurs in 
fats in combination with fatty acids and oleic acid, as 
glycerol esters of these acids. By hydrolyzing (i.e., 
saponifying) fats, glycerol is set free. This is accom- 
plished commercially by heating fats in a closed boiler 
or autoclave with water and lime. The lime combines 
with fatty acids, forming insoluble calcium salts, while 
the glycerol goes into solution. The dilute glycerol 
solution is then distilled with superheated steam. 

Glyceryl butyrate or butyrin yields on saponification 
glycerol and butyric acid, thus: 

CH2— OOC.C3H7 CH2OH 

I I 

CH — OOC .C3H7 +3H2O =:CHOH +3C3H7 COOH. 

I I 

CH2— OOC.C3H7 CH2OH 

The other fats will be considered more fully presently. 
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Pure glycerol is a colourless, syrupy liquid, having a 
sweet taste. It boils at 290^ and has a specific gravity 
of 1.265 at 15®. It is hygroscopic. Crystals of glycerol 
can be obtained by cooling to a low temperature (0°) ; 
these melt at 17®. It is volatile with water-vapour. It 
is useful as a solvent and as a preservative agent. 

One, two, or three of the hydroxyl groups can be 

replaced by chlorine to form mono-y di-, or trichlor- 

CH2CI CH2CI CH2CI • 

I I I 

hydrin respectively: CHOH, CHCl, CHCl. If tri- 

I I I 

CH2OH CH2OH CH2CI 

chlorhydrin be heated with water to 170®, it is hydrolyzed 

to glycerol. Glycerol can be obtained from ethyl 

alcohol by producing successively acetic acid, acetone, 

isopropyl alcohol, propylene, propylene dichloride, 

trichlorhydrin, and finally glycerol: 

CH3CH2OH -^ CH3COOH -> CH3COCH3 -► - 

(Alcohol) (Acetic acid) (Acetone) 

-> CH3 • CHOH • CH3 ^ CH3 • CH=CH2 -» 

(Isopropyl alcohol) (Propylene) 

-♦CHsCHClCHaCl -» CHaClCHClCHaCl-* 

(Propylene dichloride) (Trichlorhydrin) 

-^ CH2OH . CHOH . CH2OH. 

(Glycerol) 

Glycerol forms salts with nitric acid. The trinitrate 
is nitroglycerine or nitroglycerol. It is made by mixing 
glycerol with sulphuric and nitric acids. Its formula is 
CH2— 0— NO2 



i 



H — — ^N02. It explodes when suddenly heated or 

I 
CH2— O— NO3 
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percussed, with the formation of nitrogen, nitric oxide, 
carbon dioxide, and water. It is a yellow, oily liquid. 
Dynamite consists of infusorial earth or other material 
impregnated with nitroglycerol, and may contain as 
much as 75% of the latter. 

Nitroglycerol is a strong poison, causing violent 
headache and lowering of blood-pressure. In appro- 
priate dosage it is extremely useful as a medicine. 

Glycerol forms glyceryl acetates when treated with 
acetic anhydride. This will be considered more fully 
under fats. 

COOH 

On oxidation glycerol yields glyceric add, CHOH, and 

I 
CH2OH 

COOH 
tartranic acid, CHOH. These are studied with the hy- 



COOI 



)H 

droxy-acids (see pp. 171 and 173). 

Experiments. (1) Heat 1 c.c. of glycerol with 
5 gm. of KHSO4 in an evaporating dish until it turns 
brown. Note the odour (acrolein). 

(2) Repeat the same experiment, using lard or some 
other fat. 

(3) To a few cubic centimetres of NaOH solution 
add CUSO4 until a copious precipitate of Cu(0H)2 is 
obtained; now add some glycerol and shake— a deep- 
blue solution results. 
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FATS AND SOAPS. 

Fats are ethereal salts of glycerol with fatty acids and 
with the unsaturated acid^ oleic acid. Most fats are 
mixtures of palmitin (glyceryl tripalmitate), stearin 
(glyceryl tristearate), and otein (glyceryl trioleate). 
Olein is a liquid. Stearin has the highest melting- 
point (about 66°). Mutton-fat contains a large per- 
centage of stearin. The softer fats contain less stearin 
and relatively more palmitin and olein. Physiologi- 
cally, the fats of lower melting-point are more easily 
digested. 

CH2 — OOC • Ci 5H31 

Palmitin is CH— OOC-dsHai. 

I 

CH2 — OOC • Ci 5H31 

CH2 — OOC • C17H35 
stearin is CH— OOCC17H35. 

CH2 — OOC • Ci7H3fl 

Mixed esters of glycerol can be obtained; some have 

CH2 — OOC • Ci sHai 

been proven to occur naturally. CH — OOG-CnUzs 

CH2 — OOC • C17H36 
is a mixed ester. 

Some vegetable fats and oils contain glycerol esters 
of other acids than stearic, palmitic, and oleic acids. 

These three acids are insoluble and non-volatile. 
Butter contains glycerol esters of fatty acids which are 
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volatile and solvbUj namely, butyric, capric, caprylic, 
and caproic acids. Artificial butters (as oleomargarine) 
contain only very small amoimts of these acids. 

Fat Values. By determining certain analytical values ^ 
and by finding the melting-point and specific gravity, a 
fat can generally be identified with the aid of the tables 
compiled for the purpose. The values referred to will 
now be briefly explained in order. 

(1) The Reichert-Meissl valve indicates the amoimt 
of volatile soluble acid present in the fat. When 
butter or any other fatty substance is saponified so as 
to free the fat acid and then distilled as described in 
the experiment below, the volatile acid in the distillate 
can be readily estimated by titration. The Reichert- 
Meissl value is the number of cubic centimetres of 
decinormal acid contained in the distillate from five 
grams of fatty substance. 

(2) The acid value of a fat is found by titration of 
a solution of the fat in alcohol with decinormal KOH, 
using phenolphthalein as an indicator. This determines 
the amount of free acid present. The acid value is 
expressed as milligrams of KOH required to neutralize 
the free acids in one gram of fat. 

(3) The total amount of acid present, free and 
combined, is indicated by the saponification valve. A 
weighed quantity of fat is saponified with the aid of 
an accurately measured quantity of KOH solution of 

* A very satisfactory book on this subject is Chemical 
Analysis of Oils, Fats, and Waxes, by tA. Lewkovntsch (new 
edition, 1905). 
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known strength; the resulting soap is diluted and 
titrated to find how much KOH remains unneutralized. 
Then the amoimt in milligrams of KOH combined with 
fatty acid as soap for each gram of fat taken is readily 
calculated; this is the saponification value. 

(4) The ether valve of a fat represents the combined 
acid, being the saponification value less the acid value. 

(5) The iodine value estimates the amount of unsat- 
urated acid (e.g., oleic) present. 

(6) The acetyl value estimates the hydroxyl content. 
If glycerol be treated with acetic anhydride, one mole- 
cule of acetic acid is produced for each hydroxyl group 
attached (see p. 121) : 



CHaiOH OCCHa j ^CHaCOOH+CHgOOCCHa 

I ■ — y I 

CHOH+O CHOH 

CH2OH OCCHa CH2OH 

(Glyceryl monaoetate) 

The reaction can be pushed until all of the hydroxyl 
groups are displaced, giving, as the products, glyceryl 
triacetate and acetic acid (three molecules of the latter 
for each molecule of glycerol). In a similar manner a 
fat which contains some hydroxyl groups can be "acety- 
lated," and by estimating the acetic acid in combina- 
tion with the alcohol, or acids of the fat, the hydroxyl 
content can be calculated. This would not be appli- 
cable to common fats, but mainly to fats containing 
hydroxy-acids. 

Experiments. (1) Compare the specific gravity of 
filtered butter and oleomargarine by successively putting 
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a little of each in alcohol of specific gravity 0.926 at 15®. 
The oleomargarine will float (it having a specific gravity 
of about 0.918 at 15°); the butter will either sink or 
remain suspended. 

(2) Reichert'Meissl value. Into a small flask put 5 
gm. of filtered butter, 2 c.c. of 70% KOH solution, and 
10 c.c. of alcohol (free of acid or aldehyde). Attach to 
a reflux condenser and heat on a water bath for fifteen 
minutes. Distil off the alcohol. Add 100 c.c. of dis- 
tilled water and heat until the soap is dissolved. Add 
40 c.c. of 5% H2SO4 and some small pieces of pumice.^ 
Distil on a sand bath. Collect 110 c.c. of distillate in a 
graduated flask. Filter the distillate; take 100 c.c. of 
the filtrate with a pipette and transfer it to a beaker. 
Add a little phenolphthalein solution and titrate with 
decinormal NaOH until sUghtly pink. Multiply the 
number of cubic centimetres of alkali by 1.1; this 
gives the Reichert-Meissl value. For butter this value 
should not be less than 24. The experiment may be 
repeated with oleomargarinew 

When fats are hydrolyzed with the aid of alkali, soap 
is formed. Hence the origin of the term saponification. 
In the strict sense, saponification means hydrolysis of an 
ethereal salt, the resulting products being an alcohol 
and an acid. Many use the word loosely instead of 
hydrolysis. 

Soaps are salts of the fatty acids which occur in fats 
with metals. Ordinary soaps are mixtures of potassium 
or sodiimi palmitate, stearate, and oleate. Potassium 

' To prevent bumping. 
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soap is soft soap, commonly dispensed as green soap. It 
is of a yellow colour, but in many coimtries this colour 
is changed to green by the addition of indigo. It con- 
tains the glycerol that is freed by saponification. Sodi- 
um soap is hard soap. It is freed of glycerol by "salt- 
ing out " in the manner described in the experiment. 
Castile or Venetian soap, if genuine, is made from olive 
oil. It is slightly yellow in colour. Calcium, mercury, 
lead, copper, and many other metals form insoluble 
soaps. 

The cleansing action of soap is due to the presence of 
free alkali in dilute soap solution. Hydrolytic dissocia- 
tion of soap can be demonstrated as follows : Add phenol- 
phthalein to a concentrated soap solution, and only a 
slight red colour appears; now dilute with a large quan- 
tity of water, when a decided red colour develops (for 
effect of dilution on dissociation, see p. 53). Dirt is held 
on the skin or clothing by the aid of fatty material; the 
alkaU partly saponifies and partly emulsifies this, with 
the result that the " grease " can now be rinsed off. The 
lather also aids mechanically in removing dirt. 

Experiments. (1) Melt in an evaporatmg dish about 
10 gm. of lard or tallow, add 100 c.c. of 20% KOH and 
50 c.c. of alcohol, and boil moderately. ' After boiling 
half an hour test by shaking a drop of the fluid with 
half a test-tube of water; if no oily drops separate out, 
saponification is complete. Boil imtil completely saponi- 
fied, adding water as necessary to maintain constant 
volume. Pour into a large beaker; when partly cooled 
add a saturated solution of NaCl. Sodiimi soap will 
separate as a top layer and finally solidify. 
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(2) To same soap solution add hydrochloric acid. 
Free fatty acids separate and rise to the top. Collect 
the fatty acids on a filter, wash thoroughly with water, 
press between filter paper, and crystallize from hot 
alcohol. 

(3) Make insoluble soap by treating same soap solu- 
tion with calcium chloride solution (calcium soap), with 
lead acetate (lead soap), copper sulphate, and solutions 
of other metaUic salts. 



CHAPTER XVI. 

NITROGEN DERIVATIVES. (ALSO PHOSPHORUS AND 
SULPHUR COMPOUNDS.) 

NITROGEN DERIVATIVES, 

These fall into three classes : (1) cyanogen derivatives, 
(2) substituted ammonias, and (3) nitro compounds. 

Cyanogen Derivatives. Organic cyanides can be pre- 
pared hy treatment of alkyl halides with potassium 
cyanide, as 

^2H5|cnigCN =C2H5CN + 

(Ethyl chloride) ""' (Ethyl cyanide) 

also by anhydrolysis (removal of water) of an acid 
amide (see p. 186), thus (see exp.): 

CH3 CONHa =CH3 CN +H2O. 

(Acetamide) (Methyl cyanide) 

Experiment. Into a small dry fractionating flask 
put 5 gm. of dry acetamide and add quickly about 7.5 
gm. of phosphorus pentoxide. Cork and connect with 
a condenser immediately. Heat with a small smoky 
flame. Collect the distillate in a large clean test-tube. 
Shake the distillate with half its volume of water, then 
add small pieces of solid KOH until no more dissolves, 
keeping the solution cool with running water. Remove 

X55 
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the top layer of cyanide carefully with a clean dry 
pipette. Run it into a small fractionating flask; add 
some P2O6 and redistil. Note the boiling-point (82°). 

The CN group of organic cyanides can be hydrolyzed 
to COOH; in consequence they are called acid nitrUes; 
for example, CHs-CN is acetonitrile because acetic acid 
can be obtained from it (see exp., p. 122) : 

CH3CN +2H2O =CH3 COOH +NH3. 

HON, hydrocyanic add, may be called formonitrile because 
it can be hydrolyzed to formic acid. It is very poisonous, 
but is used in dilute solution as a remedy. 

This reaction also shows that the carbon atom of CN 
is Unked directly to the carbon chain. There are cyan- 
ides, however, in which it is the nitrogen atom of the 
CN group that is linked to the carbon chain. These are 
isocyanides. CH3 — ^N^C is methyl isocyanide. Curi- 
ously enough, silver alone of all the metak forms with 
CN not a cyanide, but an isocyanide: 

AgN03 -f K-C=N = Ag— N^ +KN03- 

Isocyanides may therefore be produced by the aid of 
silver cyanide: 

Ag— N^C +CH3-I =AgI +CH3N=C. 

(Methyl iodide) (Methyl isocyanide) 

Chloroform when heated with alkali and an amide gives 
rise to the disagreeable vapour of isocyanide: 

CHCI3 +R— NH2 =R— NC +3HCL 
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When an isocyanide is hydrolyzed, an amide and formic 
acid are formed : 

CH3 NC +2H2O =CH3NH2 +HCOOH. 

Experiment. Isocyanide reaction. Mix together in 
a test-tube a few drops of chloroform, 1 c.c. of aniline, 
and 2 c.c. of alcoholic KOH. Warm gently. Note the 
peculiar disagreeable odour of the isocyanide. As soon 
as detected dilute the mixture with much water in the 
sink, since the fumes are poisonous. 

Substituted Ammonias. These may be considered as 
ammonia in which one or more hydrogen atoms are 
replaced by organic groups. Primary substituted am- 

monias, N~-H, contam the group NH2, called the 

amido or amino group. Secondary substituted am- 

monias, Nf-R, contam the umdo group, NH. Tertiary 
• \R 

/R 
substituted ammonias, N^R, have all the hydrogen of 

\r 

ammonia displaced. 

These are all called amines. They are prepared by 
the action of ammonia on alkyl haUdes : 

CaHsBr +NH3 =C2H6NH2 • HBr, 

(Ethylamine) 

C2H6NH2 +C2H6Br = (C2H5)2NH HBr, 

(Diethylaznine) 

(C2H5)2NH +C2H6Br = (C2H5)3N HBr. 

(TrietbyUunine) 
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The HBr is removed by treating the above compounds 
with KOH. 

The amines may also be prepared by treating an 
acid amide with sodium hypobromite (see exp.): 

CH3 CONHa +Br2 +4NaOH =CH3 NHg +2NaBr 

(Aoetamide) (Methylamine) 

+Na2C03+2H20. 
(Br forms hypobromite with NaOH.) 

Experiment. Treat 12.5 gm. of dry acetamide in a 
half-litre flask with 11.5 c.c. of bromine; add a cooled 
solution of 20 gm. of KOH in 175 c.c. of water until the 
mixture turns a bright yellow, meanwhile keeping the 
flask cooled with running water. Run this hypobro- 
mite mixture by means of a dropping fimnel rapidly 
into a solution of 40 gm. of KOH in 75 c.c. of water. 
Keep the temperature of the liquid at 70°-75°. Cool 
the flask if the temperature gets above 75°. Keep at 
75° for thirty minutes. Add some powdered pumice 
and distil on a sand bath. Attach an adapter (see fig. 
19, p. 83) to the condenser; dip this slightly below the 
surfape of strong hydrochloric acid in the receiving 
flask (50 c.c. C.P. HCl+50 c.c. of water). Distil until 
the distillate, tested by detaching the adapter momenta- 
rily, is no longer strongly alkaline to litmus. Evaporate 
the acidulated distillate in an evaporating dish heated 
over wire gauze. When down to small bulk complete 
the drying in an oven ^t 110°. Pulverize the residue; 
treat with several portions of 10 c.c. of hot alcohol, 
filtering the decanted alcohol into a dry beaker. Crystals 
of methylamine hydrochloride separate out by cooling. 
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Filter off the crystals; press between fUter-paper; keep 
part as a specimen. Put the rest into a small test-tube, 
add strong KOH solution; methylamine is evolved. 
Note the odour and the reaction of the gas to litmus 
Test its inflammabiUty by corking the test-tube with 
a cork fitted with a glass tube which has a finely drawn 
tip, and applying a flame to this tip. Heat the mixture 
if necessary to secure free evolution of gas. 

Nascent hydrogen converts an alkyl cyanide into an 
amine, 

CH3CN +4H =CH3 • CH2NH2. 

(Methyl cyanide) .(Stlu^lAizune) 

Many amines, particularly the primary ammonia 
bases, are decomposed by nitrous acid. This is a reac- 
tion of considerable importance. An ammonium nitrite 
derivative is formed first, but this is so imstable that it 
breaks down, liberating nitrogen: 

NH2C2H5 +HNO2 =NH3(C2H5) NOa, 

(Ethylamine) (Ethyl ammonium nitrite) 

NHaCCjHs) NOa =N2 +H2O +C2H5OH. 

Many amines result from decomposition of proteid 
material. Amines resemble ammonia in odour, and 
their vapours are alkaUne to Utmus. When dissolved 
in water they form bases, i.e., they give rise to hydroxyl 
ions. Many of the amines are more strongly basic than 
ammonium hydroxide. 

There are quaternary bases in which four organic 
groups are linked to nitrogen; these are really sub- 
stituted ammonium compounds. Tetramethyl ammo- 
nium hydroxide is (CH3)4NOH (cf. NH4OH). This is a 
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very strong base; its saponifying power is almost equal 
to that of sodium hydroxide. If the saponifying power 
of LiOH be taken as 100, 

KOHandNaOH=98 

(CH3)4NOH=75 

NH40H= 2 

Methylainine, dimethylamine, and trimethylamine 
are gases. They are contained in herring-brine. They 
are also obtained by destructive distillation of the 
residue which is left after preparing alcohol from the 
molasses of beet sugar. HCl is used to hold the amines 
as salts. This amine distillate is used commercially to 
produce methyl chloride, because the latter can ~"be 
obtained from trimethylamine by treatment with 
hydrochloric acid: 

(CH3)3N— HCl +3Ha =3CH3C1 +NH4a. 

Choline is a substituted ammonium hydroxide, re- 
lated to trimethylamine: 



(CH3)3N<gf2-^^2^^ 



sOH 

It will be noticed that it is also related to primary 
alcohols. It is of physiological importance. 

The lecithins are salts of choUne. The principal 
lecithin contains stearic and glycerophosphoric acids 
in combination with choline, having the formula 

CHg — OOC18H36 (Stearic acid) 



i 



'H— OOC18H36 
I /OH 

CH2— 0— P(y^O-C2H4N(CH3)30H 

(Glycerol) (Phoephoric acid) (Choline) 
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Lecithin is an important constituent of nerve-tissue, 
of bile, and of the envelope of red blood-corpuscles. 

Muscarine is closely related to choline. It has been 
suggested that it is the aldehyde corresponding to 
choline considered as an alcohol: 

. (CH3)3N<g|--^HO(+H.O). 

It is a basic substance classed as an alkaloid (see p. 328). 
Muscarine is very poisonous and is contained in toad- 
stools (AgariciLS muscariitsy and some other plants. 

Many ptomaines ^ are amine bases. Methylamine, 
dimethylamine, trimethylamine, ethylamine, diethyl- 
amine, triethylamine, propylamine, butylamine, amyl- 
amine, muscarine, and choline occur as ptomaines, 

Cadaverine is a diamine ptomaine, 

^^2\cH2-CH2NH2' 
Netirine, like choline, is a ptomaine containing oxygen, 
(CH3)3NC2H3-OH. 

Urotropine is hexamethylentetramine, (CH2)6N4, and 
is obtained by the action of ammonia on formaldehyde. 

Piperazine is diethylendiamine, NH<('pTT^ prr^'^NH. 

Urotropine and piperazine act as solvents for uric acid 

* Ptomaines are organic bases formed by the action of 
bacteria on nitrogenous matter. Decomposing animal tissue 
is very apt to contain ptomaines. Many of them are highly 
toxic and are the cause of death in certain cases of poisoning 
by canned meats, etc. 
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(in a test-tube at least). Sidonal, lycetol, and lysidin 
are piperazine derivatives and are used for the same 
purpose. 

Analogous to the substituted ammonias are the substitu- 
tion derivatives of phosphine (PHs) and arsine (AsHs). Since 
they will be mentioned in no other place, it may be well in 
this connection to state that there are organic acids contain- 
ing phosphorus or arsenic, as, for example, cacodylic add, 
which is dimethylarsenic acid, 

yCHa 
O^AseCHs. 
\0H 

Furthermore, there are a number of phosphorus-containing 
substances which are of importance in physiological chem- 
istry, such as lecithin (see p. 160) and its constituent glycero- 
phosphoric acid, phosphatides (substances obtained from 
brain-tissue which contain the phosphoric acid radicle but 
no glycerophosphoric acid), nucleins and pseudonucleins, 
paranucleic and other nucleic acids, phosphocarnic acid, 
nucleoalbmnins, phosphoglobulins, phosphoglucoproteids, etc. 

Nitre Compounds. — The nitro compounds of the 
benzenes are much more important than are those of 
the paraffins, and will be considered later. 

Of the paraffins the only important nitro compounds 
are ethyl nitrite, C2H6 — ^0 — NO, and amyl nitrite, 
CsHii — — ^NO. Both are used as medicines. Amyl 
nitrite is a very valuable remedy; its physiological 
action is similar to that of nitroglycerol (seep. 147), but 
comes on quickly and is very evanescent. It can be 
prepared as described in the experiment below. 

Experiment. Erepare amyl nitrite as follows: 
Mix in a small flask 20 c.c. of amyl alcohol and 15 gm. 
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of finely powdered sodium nitrite. Set the flask in 
ice-water; add to the alcohol, drop by drop, 5 c.c. of 
C.P. H2SO4 from a dropping funnel. Amyl nitrite 
forms a top layer; decant it off into a separating funnel. 
Add some water to the mixture in the flask and shake; 
more amyl nitrite separates out; decant again. Separate 
the nitrite from the aqueous liquid. Dry with calcium 
chloride and distil. Note the colour, odour, and the 
effect of cautious inhalation (flushing of the face and 
vascular throbbing) . 

SULPHUR DERIVATIVES, 

Sulphur may take the place of oxygen in alcohols or 
ethers, forming sulphur alcohols and ethers, as 

CHaSHCc/. CH3OH), 
CHaSCHaCc/.CHaOCHa). 

Sulphur alcohols are called mercaptans. When they 
are oxidized, as with nitric acid, sulphonic acids are 
formed, CH3 • SH +30 =CH3 • SO3H. The sulphonic acid 
group is SO3H. 

Sulphonic acids may be looked upon as sulphuric acid 
in which an hydroxyl group is replaced by an organic 
group: 

an /OH Q>^ /C2H5. 

S02\Qjj S02\Qjj 

(Sulphuric acid) (Ethylsulphonic acid) 

The sulphonic acids are of more importance in the 
chemistry of aromatic compounds. 

There are three aliphatic sulphonic derivatives of 
importance, because they are used as hypnotics. 
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Sulphonal (sulphonmethane), diethylsulphonedi- 

methylmethane, ph!/^X^O^C^H^' ^^ made from ace- 
tone and ethyl mercaptan. It forms colourless crjrstals, 
slightly soluble in cold water, quite soluble in hot water. 
Trional (sulphonethylmethane) is 



Tetronal is 



C2H5\p/S02C2H5 
CH3/^^02C2H6- 



C2H6\p/S02C2H6 
C2H6/\S02C2H5- 



CHAPTER XVII. 
MIXED COMPOUNDS. HYDROXY-ACIDS. 

Under mixed compounds we shall consider hydroxy- 
acids, amido compounds, and carbohydrates. 

Hydroxy-acids contain both alcohol (OH) and acid, 
(COOH) groups. The acid properties, however, are 
more marked than the alcohol properties. They are not 
acid alcohols, but hydroxy-acids, and may therefore be 
defined as acids in which a hydrogen atom attached to 
one of the carbon atoms is replaced by hydroxyl. They 
are often called oxy-acids. 

The simplest possible hydroxy-acid would be hydroxy- 
formic addy 

H.COOH->HO.COOH. 

(Formic acid) (Hydroxy-formic acid) 

It will be observed that this is identical with the hypo- 
thetical carbonic acid, H2CO3. 
The lowest typical hydroxy-acid is hydroxyacetic 

<0H 
PQQTT, or glycolic acid (mentioned pre- 
viously under glycol). 

Glycolic acid (ethanolic acid) may be prepared in many 
ways, starting either with an alcohol or an acid: 

(1) By oxidation of glycol or glycol aldehyde (see 
p. 142). 

165 
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(2) By forming the cyanogen derivatives of methyl 
alcohol, or, what is the same thing, the cyanhydrin of 
formaldehyde, then hydrolyzing : 

(Cyanhydrin of 
formaldehyde) 

CH2<(^^ +2H2O =CH2<g2^^ +NH8. 

(3) By boiling monochloracetic acid with water: 
CH2CI.COOH +H2O =CH2<(^QQjj +HCL 

(4) By treating aminoacetic acid (glycocoll) with 
nitrous acid : 



CH.^ TOOH +HNO. =CH<gH^jj +H.0 +N,. 



These methods are in general applicable to other 
hydroxy-acids. 

GlycoUc acid (as also other hydroxy-acids) forms 
ethereal salts similar not only to salts of other acids, 
but also to salts of alcohols. There is ethyl gly- 

yOR 
colate, CH2 COO 02116, and ethyl-glycolic acid, 

/OC2H5 /OOC.CH3 

CH2'^^ COOH, also glycolic acetate, CH2^^^ — COOH. 

Glycolic acid is found in green grapes and elsewhere. 
It forms needle crystals, melting at 80°. It is a stronger 
acid than acetic acid. When heated in an atmosphere 
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of carbon dioxide at 210° it combines with itself, losing 
water, thus forming an anhydride called glycolid: 

,[0H HlO OCv yOOa 

CH2< '' '' >CH2 =CH2< >CH2 +2H2O. 

^COOlH" HOj/ XJOCK 

This has neither alcoholic nor acidic properties. 

Hydroxypropionic acids are commonly called lactic 
acids. Just as there are two monochlorpropionic acids 
a and ^, so there is an a-hydroxypropionic acid and a 
j8-hydroxypropionic acid. The ^ acid, 

/OH 
CII2- — CH2— COOH, 

shows by its reactions that it is related to ethylene 
(see p. 230). It is therefore called ethylene lactic acid. 
It is unimportant. 
Lactic acid proper, a-hydroxypropionic add, 

/OH 
CHaCH^^ — COOH, 

is known in three forms as isomers. As with amyl 
alcohol, these isomers have identical structural for- 
mulae. Isomerism of the kind to be described now is 
called physical or stereoisomerism. To understand this 
it is necessary to conceive of the atoms of the molecules 
as being arranged in space, and not on one plane as in 
ordinary formulae. The maiii carbon atom is thought 
of as being placed in the centre of a tetrahedron, at the 
apex of each soUd angle of which is situated an atom or 
group. Models of wood or pasteboard will be helpful in 
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understanding this. To represent a-lactic acid, write 
the groups CH3, OH, H, and COOH at the comers of 
the tetrahedron, thus : 



OH 




CHs COOH 



Try the effect of interchanging these groups in all pos- 
sible ways. It will be found that two and only two 
different arrangements are possible.^ Further, by hold- 
ing the tetrahedron representing one combination before 
a mirror, the image in the mirror will be seen to corre- 
spond exactly to the other possible arrangement. This 
is true only in the case of compounds which would be 
represented as having four different groups at the 
corners. If two of these groups are the same, only one 
arrangement is possible and stereoisomerism cannot 
occur. 

The tetrahedron representing lactic acid is unsym- 
metrical as regards the kind of groups present; its 
central carbon atom is therefore said to be an dsym- 
metric carbon atom. It has been found that com- 
pounds containing an asjmimetric carbon atom rotate 
the plane of polarized light. Dextrolactic acid rotates 

^ The truth of this statement can be most clearly shown 
by writing down the various possible arrangements and then 
marking off those that are identical. 
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it to the right, Isevolactic acid rotates it to the left. As 
represented by models Isevolactic acid is the mirror- 
image of dextrolactic acid. Ordinary lactic is also an 
a-lactic acid, but it does not afifect polarized light; it is 
optically inactive. It has been shown to consist of a 
mixture of an equal number of dextrolactic and Isevo- 
lactic acid molecules; such a substance is called racemic. 
The two constituent acids of racemic acid neutralize 
each other in their action on polarized light. 

Dextrolactic acid (d-lactic acid) is also called sarco- 
lactic acid, because it occurs in flesh. It is present in 
beef extract. It is also the product of fermentation of 
dextrose by the Micrococcus acidi paralactici. Its salts 
are Isevorotatory. 

Lsevolactic acid (Wactic acid) is obtainable by fer- 
mentation of dextrose by the Micrococcus acidi loevo- 
lactici. 

Racemic lactic acid (i-lactic acid) is a syrupy liquid 

15° 

having a specific gravity of 1.2485 at -70, It is 

stronger than most organic acids. It is the product 
of ordinary lactic acid fermentation. When milk 
sours, milk-sugar becomes converted into lactic acid 
by microorganisms: 

C12H22O11 +H2O =4C3H603. 
(lActoae) (Lactic add) 

No matter in what way lactic acid is artificially produced 
by synthesis, the synthetic acid is always racemic. 
An optically active substance has never yet been 
synthesized by purely chemical methods from inactive 
substances; in other words, the influence of living cells 
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seems to be essential for the obtaining at first hand of 
optically active substances. i-Lactic acid can be shown 
to contain dextrolactic acid by growing the mould Peni- 
dUium glavxMm in a solution of i-ammonium lactate : the 
mould destroys the IsBvolactic acid. It may be shown 
to contain laBvolactic acid by fractional crystallization 
of a solution of strychnine lactate, inasmuch as the 
IsBvolactate crystals are formed first. 

When heated to 150° in dry air lactic acid changes to 
an anhydride called lactid (c/. glycolic acid, p. 167). 
Hydriodic acid reduces lactic acid to propionic acid, 
(see p. 134). 

ExPEEiMENT. In a retort mix 5 c.c. of lactic acid, 
10 c.c. of water, and 5 c.c. of concentrated H2SO4. 
Connect with a condenser. Heat with a smoky flame. 
Test the distillate for aldehyde (see p. 106) and for 
formic acid (see p. 113) : 

CH3CHOH.COOH -CH3CHO +H.COOH, 

jS-Hydroxybutyric acid (/?-oxybutyric acid), 

CH3CH(0H) CHz-COOH, 

is pathologically of importance, since it may C03:»i in 
blood or urine, especially in the disease diabetes. It is 
IsBvorotatory. 

It will be noticed that the ketone acid acetoacetic 
add (^-ketobutyric acid) corresponds to the above 
alcohol acids, just as ketones correspond to secondary 
alcohols (see also p. 140) : 

CH3.CHOH.CH2COOH (cf. CH3CHOH.CH3), 
CH3COCH2COOH (c/. CH3CO.CH3). 
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/?-Hydrozyethylstilphonic acid (isethionic acid), 
CH2(0H)CH2S03H, enters into the synthesis of 
taurin (see p. 186). 

^-Hydrozy-acids are very unstable. They readily 
split off water to form anhydrides called lactones, thus: 

CH2(0H) .CH2CH2COOH= 

(r-Hydroxybutyric acid) CH2 • CH2 • CH2 • CO +H2O. 



-0- 



I 



(Butyrolactone) 

The carbon chain is closed by a Unking through oxygen. 

It is not a typical closed chain, however. When 

boiled with caustic alkalies the lactones form salts of 

the corresponding hydroxy-acids; thus lactones give a 

" saponification value." This fact must be borne in 

mind in examining unknown substances supposed to be 

fats or waxes. 

Dihydrozymonobasic acids are illustrated by glyceric 

add, 

CH2OH 

I 
CHOH 

I 
COOH. 

Glyoxylic acid, which has been previously mentioned 
(p. 142), while classed as an aldehydic acid, is really 
a dihydroxy-acid, because it holds a molecule of water 
inseparable from it (c/. chloral hydrate) : 

COOH C^^ +HOH =COOH O-OH 

or 

CH(0H)2C00H. 
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Experiments. (1) To a strong solution of oxalic 
acid add some sodium amalgam (prepared by adding 
metallic sodium, a little piece. at a time, to mercury until 
the latter loses its fluid condition); when evolution of 
gas has ceased, filter. The filtrate is a dilute solution of 
glyoxylic acid: 

COOH ,„ COOH 

I +5=1 +H2a 

COOH V^ CHO 

(Oxalic acid) (Nascent (Glyoxylic acid) 

hydrogen) 

(2) To 5 c.c. of albumin solution (egg-white solution) 
add 5 c.c. of the glyoxylic acid solution, then 5 c.c. of 
concentrated H2SO4 ; mix and heat gradually; a bluish- 
violet colour is obtained, due to tryptophan contained in 
the proteid molecule. Most proteids give this test. 

An example of a trihydroxy-acid is cholic or cholalic 
acid, C2oH3i(CHOH).(CH20H)2-COOH. This is im- 
portant physiologi(;ally, being contained, in combination 
with glycin and with taurin, in bile. 

Glycuronic acid is an aldehydic tetrahydrozy-acid, 
CHO •(CH0H)4 -COOH, and is of physiological im- 
portance. It may occur in tlie urine, particularly after 
the administration of certain drugs (e.g., chloral hydrate)* 
which are excreted in a glycuronic-acid combination. 
It is closely related to monosaccharides, having the same 
formula as dextrose, except for the change of the CH2OH 
group of the latter to COOH. The free acid and some 
of its combinations reduce alkaline copper solutions 
(like other aldehydes). This may cause a mistake in 
urine examination. It is not fermentable. It gives the 
pentose reactions (see p. 211). 
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Monohydrozydibasic Acids. 

COOH 

I 
Tartronic acid, CHOH, takes part in the physiolog- 

I 

COOH 
ical synthesis of uric acid (see uric acid, p. 202). It can 
be prepared by hydrolysis of bromcyanacetic acid, 

/CN 
CHBr< +2H20=COOH 

X)OOH I 

CHBr+NHa, 

i 
COOH 

COOH COOK 

I I 

CHBr +3K0H =CHOH +2H2O +KBr. 



cc — 



:!00H COOK 

CH(OH)— COOH 
Malic acid is hydroxysuccinic acid, | 

CH2 COOH 

It is contained in sour fruits, e.g., apples and cherries. 

Agaric or agaricinic acid is also a monohydroxydi- 
basic acid, Ci4H27(OH)(COOH)2. It is used as a 
medicine. 

Dihydrozydibasic Acids. 

COOH 
I OH 
Mesozalic acid, (X , is the third exception to the 
I ^OH 
COOH 
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rule that two hydroxyls cannot be attached to the 
same carbon atom, chloral hydrate and glyoxylic acid 
being the other two exceptions. 
Tartaric acid is dihydroxysuccinic acid, 

CH(OH)-COOH 

I 
CH(OH)— COOH 

Here there are two asymmetric carbon atoms (see 
p. 168) in the molecule. This fact causes a species 
of stereoisomerism which is more difficult to imder- 
stand than that of lactic acid. With the aid of mod- 
els it can be clearly uaderstood. Arrange pairs of 
tetrahedra as shown in the diagram. 





Lsevotartaric acid. 



Dextrotartaric acid. 
Fig. 22. 



MeBotartaric acid. 



It will be noticed in the case of dextro- and Icevo-tartaric 
acids that Uke groups, OH and OH, H and H, COOH and 
COOH, are connected by straight lines and are on 
opposite sides of a line connecting the centres of the 
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tetrahedra. Notice, further, the order of arrangement 
of the groups on the top and on the base, for if the 
upper horizontal plane is lowered to approximate the 
plane of the base, the groups are f oimd to have the same 
relative positions in both* this is represented also as 
follows: 

Lsevotartaric acid; Dextrotartaric acid. 




Top COOH 



Base Hr 7OH Base HO 





Place the kevotartaric model before a mirror; the image 
corresponds to dextrotartaric acid. 

Rdcemic tartaric acid is a mixture of equal quantities 
of dextro- and Isevo-tartaric acids (c/. racemic lactic 
acid). There is, however, another inactive tartaric acid 
which cannot be separated into optically active acids. 
This is mesotartaric acid. By studying the diagram 
above, or a model, it will be seen that the neutraliza- 
tion of optical properties is an inner molecular one, for 
the arrangement of the groups on the top corresponds 
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to that of Isevotartaric acid, while the arrangement at 
the base corresponds to that of dextrotartaric.^ 




Ordinary tartaric add is dextrorotatory. It is con- 
tained in grape-juice as potassium bitartrate or acid 
tartrate, H00C(CH0H)2C00K. When wine is pro- 
duced this salt separates out, because of its relative 
insolubility in dilute alcohol. This crude tartar, or 
argol, is called cream of tartar when purified. It is 
used in the manufacture of the best baking-powders. 
Baking-powder is a mixture of sodium bicarbonate and 
some acid salt, which on being dissolved liberates car- 
bon dioxide from the bicarbonate. Tartaric acid is 
obtained from potassium bitartrate by precipitation of 
calcium tartrate, from which the acid is liberated by 



* It will further be noted that an acid of this variety is not 
possible in the case of lactic acid. 
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Tising the proper amount of dilute sulphuric acid. It 
forms large crystals, melting at 170°. On heating 
further it turns brown and gives ofif an odour like 
caramel. It is very soluble. 

Dextrotartaric acid can be converted into racemic 
acid by boiling with an excess of strong sodium hydrox- 
ide solution. The two methods given for separating 
racemic lactic acid into the active acids are applicable 
also to racemic tartaric acid. Pasteur discovered a third 
method which is very interesting. By slow evaporation 
(below 28°) of a solution of sodium ammonium racemate 
two classes of crystals can be obtained, which from 
their appearance might be called right-handed and left- 
handed crystals (see Fig. 23). 



Jr. — -^ 


V 





fe 



Fig. 23. 



The crystals are mirror-images of one another. These 
can be picked out mechanically; one set furnishes dex- 
trotartaric acid, the other Isevotartaric acid. 

Rochelle salts is sodium potassium tartrate, 

CH(OH)— COONa 

I - 
CH(OH)-COOK 

This has the power of holding Cu(0H)2 in solution. 
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The copper is said to be held in the following combina- 
tion (see Fehling's solution, p. 9) : 



«'<S 



O-CH— COONa 
CH— COOK • 



Tartar emetic is potassium antimonyl tartrate, 

CH(OH)— COOK 

I 
CH(OH)— COO(SbO) 

Experiments. (1) Heat some tartaric acid in a 
test-tube, stirring it with a thermometer. Note the 
melting-point* Remove the thermometer and continue 
heating. The acid turns brown and emits an odour like 
scorched sugar.i 

(2) Prepare tartar emetic. Dissolve 1 gm. of tartaric 
acid in 2 c.c. of water with heat, neutralize with strong 
KOH solution, add another gram of the acid. Boil and 
add water gradually until the precipitate redissolves. 
Now add Sb203 in excess, stirring vigorously. Filter 
and test the filtrate for antimony with H2S. 

(3) After reading over a description of the polariscope 2 
and its manipulation, determine the rotary power of a 
strong solution of tartaric acid and of an equimolecular 
solution of sodium tartrate. 



^ Certain other acids act in the same way, particularly 
citric, malic, tannic, and gallic. 

^ A good description can be found in Cohen's Practical 
Organic Chemistry, also in Practical Physiology by Beddard, 
Macleodf etc. 
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Monohydrozytribasic Acids. 

CH2-COOH 

I 
Citric acid, C(OH) — COOH, is present in currants, 

CH2— COOH 

gooseberries, and lemons. It forms large crystals 
and is quite soluble. Citrates are valuable medicines 
(diuretics). 



CHAPTER XVIII. 

MIXED COMPOUNDS {Continued), AMIDO ACIDS 
AND ACID AMIDES. 

AMIDO ACIDS, 

Amido or amino acids are acids containing an NH2 or 
amido group. Corresponding to monochloracetic acid, 
CHgCl-COOH, is aminoacetic acid, CH2NH2COOH. 

The simplest amino acid is aminoformic acid, 
NH2COOH, called carbamic acid. The free acid is 
unknown. The salts are unstable, showing a decided 
tendency to become converted into carbonates. Ammo- 
nium carbamate is of considerable importance in physi- 
ology, because it is believed to be one of the forerunners 
of urea. It can be changed into urea by heating it in a 
sealed tube at a temperature of 135^-140°: 

NH2 • COONH4 =NH2 • CO . NH2 +H2O. 

(Ammonium carbamate) (Urea) 

ExPEEiMENT. Prepare ammonium carbamate by 
bubbling dry CO2* and dry NH3 simultaneously into 
alcohol contained in a cylinder or graduate. Secure the 

* CO2 is obtained by putting marble chips into a bottle 
or generator and adding HCl by a dropping funnel. 

180 



AMIDO ACIDS. ' 181 

dry NH3 as previously described (see p. 106). Dry the 
CO2 by bubbling it through H2SO4. When a consider- 
able quantity of crystals has been produced, stop the 
process. Filter off the alcohol; press the crystals be- 
tween filter-paper. To test the carbamate, dissolve 
some of the crystals in 5 c.c. of distilled water which has 
been cooled to 0°; immediately add some CaCl2 solution 
which has been similarly cooled. No reaction is appar- 
ent because calcium carbamate in solution is stable at 
very low temperatures. Now warm the solution; the 
carbamate decomposes and a heavy precipitate of 
calcium carbonate appears. Leave the rest of the crys- 
tals exposed to the air several days; a small amount of a 
white powder (NH4HCO3) is obtained: 



2NH3+C02=CO<(g^^^' 



EUiyl carbamate, or urethane, NH2 00002116, is used 
as a hypnotic. 

Amino acids may be obtained by treating a halogen 
fatty acid with ammonia, thus : 



HzNjH +CIIH2C . COOH =NH2 • CH2 • COOH +HC1. 

(Monochloraoetic acid) (Aminoaoetic acid) 



They can also be obtained by decomposing proteids by 
means of acids, alkaUes, or hydrolytic ferments. 

All the amino-acids that are considered in this chapter 
are of great importance in physiology. 
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/NH2 
Glycocoll (glycin) is aminoacetic acid, CII2- — COOH. 

It can be produced from glue (or gelatin) by boiling with 

dilute sulphuric acid or baryta water. In the animal 

body it combines with benzoic acid to form hippm-ic 

acid (see p. 277), and with cholic acid to form one of 

the bile acids, glycocholic acid. 

/NH • PIT 
Methyl glycocoll^ ^•^2\pqqtt ^, is called sarcosin. 

It can be synthesized from monobromacetic acid and 
methylamine: 

CHsBr . COOH + 2CH3 • NH2 =CH2<(^Q^^« + 



-fNH3<^- 



H3 
Br 



It is a product of decomposition of kreatin and of 
caffeine. 

Alanin, CH3CHNH2COOH, is a-aminopropionic 
acid. It can be made from a-chlorpropionic acid by 
treatment with ammonia. It is isomeric with sarcosin. 

Serin is hydroxyalanin, CH2OH.CHNH2COOH. 

Aminovaleric acid has the formula 

CH3CH2CH2CHNH2COOH. 

Leucin is a-aminoisobutylacetic acid, 

/CH3 /NH2 

CH— CHa-KH— COOH. 

\CHq ■ (^^''^<>*®®*^® acid) 

(laobutyl) 
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This may occur in the urine in certain diseases. It is 
a decomposition product of proteid, being an important 
end product of tryptic digestion. 

/NH2 
CH^— COOH 

Aspartic acid is aminosuccinic acid, CH2 COOH. 

It is obtainable from asparagin and from proteid. 
Glutaminic acid is a-aminoglutaric acid, 



CH2/ 



/NH2 
CH^ COOH 



\CH2 COOH" 

Gelatin and caseinogen can be split up so as to furnish a 
considerable proportion of this acid. 
Ljrsin is ae-diaminocaproic acid. 



NH2CH2CH2CH2CH2CH< 



/NH2 
!00H 



It is one of the products of proteid when boiled with 
mineral acid. 

Ornithin is ad-diaminovaleric acid, 

NH2 • CH2 • CH2 • CH2 • CH\^p/-.QTT. 

Arginin is related to ornithin, being guanidin-a-aminO' 
valeric acid, 

/NH2 
NH=C< yNH2 

\NH-rCH2 •CH2 •CH2CH< 

(Guanidin) ^COOH 

Ca-Aminovaleric acid) 
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It can be hydrolyzed to urea and ornithin, thus: 



/NH2 
NH=C< /NH2 



% 



NH— CH2CH2CH2CH< +H20« 

OOH 



NH2 NH2 /NH2 

\ / +NH2CH2CH2CH2:CH< 

C (Ornithin) \COOH 



O 

(Urea) 



A ferment, arginase, found mainly in the liver, can also 
bring about this hydrolysis. 

Lysin and arginin are called hexone bases (hexone 
refers to their possessing six carbon atoms in the mole- 
cule). Another hexone base is histidin, C6H9N302^ 
probably 

CH 
N NH NH2 

CH=C— CH2-CH~C00H. 

It is now believed that these hexone bases are present 
in combination in all proteid molecules. The simplest 
proteids, protamines, seem to contain practically nothing 
besides hexone bases and in some cases amino acids. 

It seems advisable to mention in this place two derivatives 
of pyrrolidine (see under alkaloids, p. 328), because they are 
obtained together with the above amino acids as decompo- 
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sition products of proteids. They are prolin or a-p3nTolidiiie- 
carboxylic acid, 



H,C 



tCH, 



H,Cl ICH— COOH, 
NH 

and hydroxy-a-pyrrolidine-carboxylic acid. 

SULPHUR DERIVATIVES OF AMINO ACIDS. 
Cystein is a-amino-^-thiolactic acid : 

/SH /NH2 
CII2- — CH^ — COOH. 

Two molecules combine to form one molecule of cystin. 



S_CH2— CH<^(>,Q^jj 
S— CH2— CH<((.Q(2^ 



Cystin has the formula | ^t^tt . Both 



cystein and cystin occur as decomposition products of 
proteids. 

Cystin crystals may occur in pathological urine. 
Cystin from urine has a slightly different linking of the 
S from that in the above formula. Reduction of cystin 
gives cystein as its product. 

Taurin is ^-aminoethylsulphonic acid, 

/NH2 
CHg CH2 — SO3H, 
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It is found in bile combined with cholic acid astaurocholic 
acid. It has been synthesized from ^-hydroxyethylsul- 
phonic acid (see p. 171), as indicated by the following 
equations: 

CHaCOH) .CH2S03H-h2PCl6 = 

=CH2C1 CHzSOga +2POCI3 +2HC1. 

(Chlorethylsulphon chloride) 

CH2CI CHa SOzCl +H2O =CH2C1 CHz SOsH +HCL 

(Chlorethylsulphonic add) 
CH2CI . CH2 • 8O3H +2NH3 = 

=CH2NH2 • CH2 • SO3H +NH4CL 

(Taurin) 

ACID AMIDES. 

The next group of amido compounds to be considered 
is that of the acid amides. Just as there are acid 
chlorides, e.g., acetyl chloride, CH3-C0C1, so there are 
acid amides, NH2 occupying the position of CI, as acet- 
amide,CH3CONH2. 

Acid amides may be made in several ways: 

(1) By treating an acid chloride with ammonia: 

CH3'C0 |cr+H [NH2 =CH3 •CONH2 -hHCl. 

(2) By heating an acid in an atmosphere of ammonia 
while constantly bubbling dry ammonia gas into the 
acid: 



CH3.COI6H+HINH2 =CH3CONH2 +H20, 
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(3) By treating an ester with ammonia: 



COOC2H6 CO.NH2 

+2NH4OH = I +2C2H5OH +2H;bO. 

OOC2H6 CONH2 

(Diethylozalate) (Oxamide) 



i 



(4) By heating the ammonium salt of the acid, gener- 
ally in a sealed tube : 



CH3 •COONH4 =CH3C0NH2 +H2O. 

(Ammonium acetate) (Aoetamide) 



Formamide, HCONH2, is a liquid. The other acid 
amides are solid crystalline substances. 

Acetamide, CH3CONH2, is prepared by the fourth 
method given above (see exp.). It forms colourless 
crystals, which melt at 82^ and distil at 223°. It gener- 
ally has a mouse-like odour, due to slight admixture of 
impurities. Heating with phosphorus pentoxide con- 
verts it into methyl cyanide (see p. 155). 

Experiment. To 40 gm. of glacial acetic acid heated 
to 40^-50° on a water bath, add powdered ammoniimi 
carbonate (about 55 gm.) until a drop diluted with a 
few cubic centimetres of water shows a weak alkaline 
reaction to litmus. Now heat to 80°-90° on a boiling 
water bath until a drop diluted with water shows a 
slightly acid reaction. Pour the mass while hot into a 
Volhard tube or bomb-tube through a hot f imnel (so as 
not to smear the walls of the tube). With a strip of 
filter-paper remove any of the substance that may be 
adhering to the upper eight inches of the tube. 
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Seal the tube carefully. The sealing of bomb-tubes requires 
practice. Experiment first with waste pieces of tubing. 
First cover the tube with soot in a smoky flame at the point 
where it is to be sealed. Increase the heat gradually, then 
begin with a large blast flame. When the soot is burned 
off, decrease the size of the flame, increasing the force of the 
blast. Keep rotating the tube, and when it softens do not 
draw it out, but make the tube sink in by the force of the blast. 
In this way the thickness of the wall is preserved. When 
the calibre of the tube has become very small, the tube can 
be quickly drawn out and sealed off. A tapering tip is the best. 
Heat the tip in the flame until roimded. Keep the hot end 
of the tube in a cold smoky flame until a deposit of soot is 
obtained. Let it cool slowly. 

Heat the tube in a bomb-furnace for five hours 
at 220°-230°. Open the tube by making a scratch- 
mark with a file on the tip; wrap the tube in a heavy- 
towel; put the tip into the blast-flame, when it will 
snap off. Sometimes there is a high pressure of gases in 
a bomb-tube, so that it may fly to pieces as soon as 
the pressure is suddenly relieved. Break off the end of 
the tube; remove the acetamide and transfer it to a dis- 
tilling flask. Distil, reject the distillate coming- over 
below 130^, then change to a wide tube (air-condenser) 
in the place of the Liebig condenser. Collect the frac- 
tion distilling between 180^ and 230° in a beaker. Cool 
it with ice-water until crystals form; if necessary, scratch 
the wall of the beaker with the sharp end of a glass rod 
(see p. 8). Dry the crystals by pressing them on a 
porous plate. 



CONH2 
ioNHg 



Ozamide, I , is prepared by the third method. 

cc — 
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Experiment. Connect two flasks with a glass tube 
bent at a right angle at each end. In the second flask 
the tube is long enough to almost reach the bottom. 
Into each flask put 50 c.c. of absolute alcohol. Into 
the second flask put also 50 gm. of oxalic acid from 
which the water of crystallization has been driven ofiF 
by heating in an oven at 100°. The first flask is sup- 
ported on wire gauze, while the second is placed in an 
oil-bath. Place a thermometer in the oil. Connect 
the second flask with a condenser. Heat the oil-bath 
to 100°, then begin heating the flask containing only 
alcohol. While the alcohol-vapour is passing over, 
allow the temper^^ture of the oil-bath to rise slowly to 
125°-130°. When most of the alcohol has disappeared 
from flask number one, disconnect this flask and remove 
the flame. The distillate and the residue in flask 
number two both contain diethyl oxalate. Treat each 
with strong ammonium hydroxide. A white precipi- 
tate of oxamide is obtained. Filter and wash the 
precipitate thoroughly. Save a sample. Put some 
oxamide into a test-tube, add strong alkali, and boil, 
noting the evolution of ammonia. Take another por- 
tion in a test-tube, treat with cold NaOH, and add 
very dilute copper sulphate solution a drop at a time 
imtil a reddish or violet colour appears (biuret reac- 
tion, see p. 193) : 

COOH COOC2H6 

+2C2H60H=| +2H2O, 

300H COOC2H5 



k 



C00C2H5 C0NH2 

I . +2NH40H=| +2C2H6OH+2H2O. 

COOC2H5 CONHa 



190 ORGANIC CHEMISTRY, 

Asparagin is the amide of aspartic acid, its formula 

CH2~^0NH2 
being | . It is foimd in many vege- 

CH(NH2)— COOH 
tables, particularly asparagus, peas, beans, beets, and 
wheat. 

Glutamin is the amide of glutaminic acid, having 
the formula 

/NH2 
rTj/GB^ — COOH 
^^^CHa CONH2 • 



The most important acid amide of all is carbamide. 
Urea (carbamide), NH2CONH2, is the acid amide of 
carbamic acid. It is also the diamide of carbonic acid : 

/OH /NH2 

o=c<: -^ 0=C< 

^OH ^NHa 

The relationship of urea to carbamic acid is shown by 
its preparation from ammonium carbamate by heating 
in a sealed tube at a temperature of 135°: 

/NH2 /NH2 

0=C< =0=C< +H2O. 

\ONH4 \NH2 

(Ammonium carbamate) (Urea) 

Its relationship to carbonic acid is evidenced by its 
production from carbonyl chloride and anmionia: 



'^' 



a /NHa 

)=C< +2NH3=0=C< +2HC1, 

(Carbonyl chloride) 
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also from ethyl carbonate and ammonia: 

/OC2H6 /NH2 

0=C< +2NB^=0=C< +2C2H6OH. 

NdCzHs \nH2 

(Ethy carbonate) 

That it bears a relationship to cyanic acid, HCNO, 
and its amide cyanamide, N=C — NH2, is proven by its 
preparation from both of these. By hydrolysis cyan- 
amide is converted into m^ea: 



CN .NH2 +H2O =0=C<(55g; 



NH2 
2* 



Mere evaporation of a solution of ammonium cyanate 
is sufficient to convert the salt into urea (see exp.) : 

^N ,NH2 

\)NH4 ^NH2 

(Ammonium cyanate) 

Physiologists have advocated three main hypotheses as to 
the origin of urea in the animal body, corresponding to the 
above methods of synthesis, namely, that it is derived from 
(1) ammonium carbonate, (2) from ammonium carbamate, 
or (3) from ammonium cyanate. The question is still un- 
settled, but at present it seems most likely that the deriva- 
tion of urea is as follows: Ammonia enters the blood of the 
portal venous system partly as the result of metabolism of 
active digestive glands and partly as the result of fermentative 
disintegration of the proteids of the food. In the presence 
of the large amount of carbonic acid in the blood, ammo- 
nium carbonate and carbamate are formed in accordance 



192 ORGANIC CHEMISTRY, 

with the laws of mass action ; both of these are then converted 
in the liver into urea by a process of anhydrolysis: 

0=G<: ( ~H,0) -> 0=C< ( -H2O) -> 0=C< 

\ONH, ^ONH, ^NH, 

(Ammonium carbonate) (Ammonium carbamate) (Urea) 

It seems questionable, however, whether any considerable 
quantity of ammonia is produced from the proteids of the 
body-tissues. General tissue metabolism probably gives rise 
to monoamino-acids (as glycocoU, leucin, and aspartic acid) 
and arginin, all of which are convertible into urea (even as a 
laboratory experiment). In the case of arginin this is accom- 
plished by a ferment, arginase, which is present in many or- 
gans. In the case of monoamino-acids it may be that they 
are converted by ferments into ammonia, for the presence of 
ferments possessing that power has been demonstrated in 
many organs, and that then the ammonia becomes ammonium 
carbonate and carbamate, and is changed to urea. 

It is possible that diamino-acids are predecessors also of 
urea, since it has been found that one of them, ornithin (the 
other product of the hydrolysis of arginin besides urea), in- 
creases urea excretion when it is injected intravenously. Di- 
amino-acids have not yet been converted into urea in the 
laboratory. 

Urine contains a large quantity of urea, 20 to 30 gm. 
of urea being excreted in the urine of man in twenty- 
four hours on a mixed diet. It crystallizes in colourless 
needles or rhombic prisms. It melts at 132° (corrected 
melting-point is 132.6°). It is very soluble in water 
and hot alcohol, less soluble in cold alcohol. 

Bacterial fermentation of urine converts urea into 
ammonium carbonate, hence the ammoniacal odour 
of decomposed urine. Boiling with alkaUes or acids or 
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superheating with water accomplishes a similar hy- 
drolysis : 

.NH2 (H2O NH4V 
C0< + \ = >C03. 

\nH2 (H2O NH4'^ 

Of course by the action of alkali NH3 is liberated from 
the (NH4)2C03, while by the action of acid CO2 is 
liberated. This reaction is the basis of Bunsen^s and 
Folin's methods of quantitative estimation of urea. 
Sodium hypochlorite and hypobromite decompose urea, 
liberating nitrogen : 

CO(NH2)2 + 3NaBrO = N2 + 3NaBr + CO2 + 2H2O. 

This reaction is made use of in the usual cUnical method 
for urea estimation. Nitrous acid also liberates free 
nitrogen (see p. 159) : 

C0(NH2)2 + 2HNO2 = 2N2 + CO2 + 3H2O. 

When heated strongly, urea yields, among other sub- 
stances, biuret, NH2-CO-NH-CO«NH2, which gives a 
reddish-violet colour reaction with caustic soda or 
potash containing a trace of copper sulphate (biuret 
reaction). This reaction is given by proteids, by oxam- 
ide, in fact by all substances containing two groups of 
C0-NH2 linked together either directly (as in oxamide) 
or through a single nitrogen (as in biuret) or carbon atom 

(as in CH2<(^Q55g2y or through one or more CO-NH 

/ C0.C0NH2\ 

groups ( as in I 1. 

\ NH.CONH2/ 
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Urea acts as a weak base toward certain acids, the 
nitrate and oxalate being particularly characteristic 
salts. In the common method for extraction of urea 
from urine, it is precipitated from the urine (previously- 
concentrated by evaporation) by treatment with nitric 
acid. The urea is liberated from the nitrate by treating 
the latter with barium carbonate. 

Experiment. (1) Synthesize urea as follows: Heat 
25 gm. of potassium cyanide in an iron dish until it 
begins to fuse (do this under a hood), then add gradually 
70 gm. of red oxide of lead a little at a time, stirring in 
well. When the frothing ceases pour on to an iron plate. 
When it is cool powder the mass, separating out the 
metallic lead. Digest this crude cyanate for an hour 
with 100 c.c. of cool water. -Filter through a plaited 
filter into an evaporating dish. Add to the filtrate 25 
gm. of ammonium sulphate which has been dissolved in 
a small quantity of water. Evaporate to drjmess on a 
water bath, stirring frequently to prevent crusting over. 
Cool the residue and powder it in a mortar. Transfer it 
to a small flask, add 100 c.c. of alcohol, attach to a reflux 
condenser, and boil for fifteen minutes. Filter off the hot 
alcohol into an evaporating dish. Use 25 c.c. more of 
alcohol in a similar manner. Evaporate the alcohol on 
a water bath to very small bulk. When cool, urea crys- 
tals should form. Test a few crystals or some of the 
solution as below. 

(2) Urea tests, (a) Put one drop of concentrated 
urea solution on a glass slide; mix with it one drop of 
colourless concentrated nitric acid. Place a cover-glass 
over the crystals and examine under a microscope. 
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(6) Liidy's test. To a drop of dilute urea solution in 
an evaporating dish add about 1 c.c. of a slightly yellow 
solution of orthonitrobenzaldehyde in alcohol. Evap- 
orate to drjniess on a bath. Cool, add 5 c.c. of alcohol, 
warm slightly, and pour off the alcohol. Repeat this 
washing with alcohol until the alcohol is colourless and 
gives no colour reaction with an aqueous solution of 
phenylhydrazine hydrochloride. The yellowish-white 
residue is nitrobenzlidene diureide. Add about 3 c.c. of 
phenylhydrazine hydrochloride solution (use heat to 
dissolve it) and ten drops of 10% H2SO4. Heat to 
boiling; a red colour develops if urea is present. The 
test seems to be more successful with impure urea solu- 
tions than with pure urea. 

(3) In a test-tube melt some dry urea, then heat 
gently for a minute while gas is being evolved. Cool; 
add 1 c.c. of water, then an equal amount of 20% NaOH 
solution, and finally a small drop of very dilute copper 
sulphate solution. A violet or pinkish colour is ob- 
tained. This is called the biuret reaction (see above) : 



/NH2 NH2 . 
0C< + >C0 = NH2— CO— NH— CO— NH2 

^om;'"'HiNir '^'"^'^ +NH3 



(Urea) (Urea) 

Veronal is a urea derivative, being (iiethylmalonylurea: 

CzHsv /CO-NH\ 

>C< >C0. 

C2H5/ ^CO— NH/ 

This is used as a hypnotic. 
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Another hjrpnotic related to urea is hedonal; which is 
really a carbamate similar to m*ethane. Hedonal is 
methylpropylcarbinolurethane : 



/NH2 
C0< 

\)-c: 



NH2 

^ CH3 
H< 






CHAPTER XIX. 

MIXED COMPOUNDS {Cantinued), ACID IMIDES. COM- 
PLEX AMIDO AND IMIDO COMPOUNDS, INCLUDING 
POLYPEPTIDES. 

ACID IMIDES. 

These contain the group NH; they are illustrated by 
CH2— CO. 
succinimide, | yNH. They are formed from 

CH2— CCK 

acid amides by loss of ammonia: 

CH2-CONH2 CH2-C(\ 

I =1 >NH+NH3. 

CH2-CONH2 CH2.CCK 

(Succinamide) (Succinamide) 

OTHER AMIDO AND IMIDO COMPOUNDS. 

Gtiamdiii, NH=C<^j^tt^, may be considered as an 

imido derivative of urea, and might be called imido- 
carbamide. It can be sjnithesized from cyanamide and 
ammonia: 

CN-NH2 + NH3 =NH=C/S5^ 



(Cayanamide) (Guanidin) 



197 



198 ORGANIC CHEMISTRY, 

It is more strongly basic than urea, undoubtedly because 
of the changing of the carbonyl linking of urea for the 
naturally basic NH group. Of more importance are the 
derivatives of guanidin, namely, kreatin and kreatinin. 
Kreatin is methylguanidinacetic acid; 

/NH2 /CH3 
NH=C^^ N^CHa • COOH. 

Kreatin can be synthesized from cyanamide and 
sarcosin: 

/NH-CH3 /NH2 

CNNHa-hCHa^ — COOH =NH— (X^/CHs 

(Cyanamide) (Sarcosin) \CH2 COOH 

Kreatin is present in considerable, quantity in muscular 
tissue. It can be obtained from meat extract. Heat, 
ing with baryta water converts it into urea, sarcosin- 
and some other substances. Heating with dilute acid 
changes it to kreatinin. Recent work has shown, how- 
ever, that only a certain fraction of the kreatin is thus 
converted into kreatinin. Only when the urine is 
alkaline is it excreted as kreatin in any appreciable 
quantity; it is generally eliminated as kreatinin. 
Kreatinin is kreatin less a molecule of water; 



.NH CO 

NH=C<: /CH3 1 . 
-€H2 



/NH— 



This is always present in normal human urine, about 
1.5 gm. being excreted in twenty-four hours. The 
amount excreted when kreatin-containing food (flesh) 
is debarred from the diet seems to be a fixed quantity 
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for each individual, no ^natter how much the total 
nitrogen content of the urine may vary. 

Kreatinin crystallizes in monoclinic prisms. It is 
readily soluble. In alkaline solution it becomes con- 
verted, at least in part, into kreatin. It reduces Fehling's 
and other alkaline copper solutions, but it holds cuprous 
oxide in solution; on account of these properties it may 
mislead in testing for sugar if the urine is concentrated. 
An alkaline bismuth solution, however, is not reduced 
by kreatinin. Kreatinin is precipitated by mercuric 
chloride and by zinc chloride, these reagents entering 
into chemical union with the kreatinin. 

Uric acid is a derivative of urea. In uric acid two 
molecules of urea unite together by linking to an inter- 
mediate carbon chain, each NH2 group losing one 
hydrogen atom and becoming NH in order to effect the 
union: 




NH— 



NH— 



— HNv 

>C=0. 
— hn/ 



This is the skeleton of the uric acid formula. The 
presence of two urea molecules and of a carbon chain 
is shown by the nature of the decomposition products 
of uric acid resulting from oxidation and hydrolysis: 

NH— CO 

I I NH— CO 

I. CO C— NHv I I NH2\ 

I II >C0+H20+0=C0 C0+ >C0. 

NH-€— NH/ I I NHg/ 

NH-CO 

(Uric acid) [treated with cold HNO3] (Alloxan) (Urea) 
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II. 
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NH-CO 



NH— CO 

I I 
CO CO+0 

I I 

NH-CO 

(Alloxan) [treated with 
warm HNO3] 



= CO 



+C02. 



NH-CO 



III. 



CO 



+H2O = 



NH— CO 

(Parabanic acid) [treated with alkali] 



IV. CO 



NH— CO 

I 



+H2O = 



NH2 COOH 

(Oxaluric acid) [boiled with water) 



NH— CO 

(Parabanio aoid) 

NH— CO 

I 
CO 

I 

NH2 COOH. 

(Oxaluric acid) 



/NH2 COOH 
\nH2 COOH. 



(Urea) (Oxalic add) 

N— C 
The presence of the pyrimidin ring, C C, in uric 

N-C 

acid is shown by Travbe^s synthesis, which is as follows: 
Cyanacetic acid and urea are treated with POCI3; the 
latter removes hydroxyl from the acid, and urea takes 
its place to form cyanacetyl urea: 

^CN ^H^^CN 

(1) CH2CpOH+NH2CONH2=CO +H2O. 



(CyaiuMsetic aoid) 



(Urea) 



NH— C— NHa 





(Oysnaoetyl urea) 
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Treating cyanacetyl urea with alkali causes a shifting 
within the molecule, resulting in the formation of the 

N=C— OH 

pyrimidin derivative, (2) HO — C CH , the posi- 

II II 

N— C— NH2 
tions in the pyrimidin ring being numbered thvis: 

(1) N-€ (6) 

(2) C C (5). The above compound is called 4-amino- 

I I 

(3) N-C (4) 

2, 6-dihydroxypyrimidin. This is treated with 

N=C— OH 

HNO2, giving (3) HO— C C— NH2, 4, 5-diamino- 

II II 

N— C— NH2 

2, G-dihydroxypyrimidin, which when acted on by 

CCIOOC2H5+KOH gives 

(Ethyl chlorcarbonate) 

N=C— OH 
(4) HO— C C— NH2, 

: !J— C— NH— C— 0— C2H6 

II 


a pjoimidin derivative of urethane. The sodium 
salt of this is heated (dry) to 150°, then later to 180°- 
190°; Alcohol is spUt off, leaving uric acid (as sodium 
urate) : 
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HN— CO 

I I 

(5) 0=0 C— NH\ 

I II >C=0+C2H60H. 

HN-0— NH/ 

(Uric acid) 



This synthesis conclusively proves the structure of 
uric acid. 

Another interesting synthesis, because it is anal- 
ogous to one which may occur in the animal body, 
is effected by heating together urea and trichlorlac- 
tamide: 

(H)— NH CO— (NH2) 

/ I 

CO C— (HOH) NH^(H) 

\ I >o 

(H)— NH C— (CI3) ira^(H) 

(Urea) (Trichlorlactamide) (Urea) 



The groups in parenthesis do not enter into the uric 
acid molecule, but unite to form NH4CI, HCl, and 
H2O. 
It has been found that acids, e.g., lactic acid, which 

COOH 

are convertible into tartronic acid, C^^OH, can, under 

COOH 
certain conditions, cause uric acid to be synthesized in 
the animal organism. Dialuric acid is first formed by 

attachment of a urea molecule, CO<\ttt qq')>CHOH. 



AMIDO AND IMIDO COMPOUNDS. 203 

By the addition of another urea molecule to this, uric 
acid is produced: 



< 



/NH— CO 

-^ I 

C— (HOH) + NH^(H) 

^NH— C(0) NH^(H) 

(Dialuric acid , (Urea) 



NH— CO 

I I 
= CO C— NHv 

I II >CO+2H20. ■ 

NH— C— NH/ 

(Uric acid) 

Uric acid has been synthesized by heating together 
glycocoU and urea. On the other hand, uric acid when 
heated in a sealed tube with HCl yields glycocoll. 

Uric acid acts as a weak dibasic acid, forming urates. 
It does not, however, play any part in the acid reaction 
of urine. It often crystallizes out as a reddish deposit 
from strongly acid urine. About 0.7 gm. is excreted 
daily by man. Pure uric acid is a colourless crystalline 
powder. It is almost insoluble in cold water and alcohol. 
Uric acid reduces Fehling^s solution, but does not reduce 
an alkaline bismuth solution. 

Experiment. (1) Add 5 c.c. of 20% HNO3 to a 
little uric acid in an evaporating-dish; evaporate to dry- 
ness on a water-bath. AUoxantin is formed. To the 
residue add baryta water; a blue colour appears. 

(2) Repeat the above, but instead of using baryta 
expose -the residue to fumes of ammonia. A red colour 
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is obtained, due to murexide. This test is called the 
murexide test. If much ammonia is present in the air, 
the residue will be reddish because of the ammonia 
taken up. 

/NH— CH— NH V 
Allantoin, CO | yCO, results from 

\NH— CO NHg/ 
careful oxidation of uric acid by potassium permanga- 
nate. It occurs in the urine of calves, and at times in 
human and in dogs' urine. 
Purin. Uric acid and all the purin bodies contain the 
N— C 

I I 
double-ring nucleus C C — ^N>^ , which has been called 






purin. The main ring is the pyrimidin ring ; purin there- 
fore is pyrimidin with a urea residue attached as a 
secondary ring. The relationship of the purin bodies 
to purin is shown below : 



(1) N-C (6) 



NH— CO 

I I 
CH C— NHv 



(2) C C (5)— N(7). V.XX V— i.xi\ 

I I >(8) II II >H 

vj_C (4)— N(9)/ N C N^ 



(3) N-C (4)— N(9) 

(Purin nucleus) 

NH-CO 




(Xanthin 
(2, §-dioxypuriD) 



( H ypoxanthin) 
(6-oxypurin) 

NH-CO 

I I 

CO C— NCCHa) 

>CH 

(CHj)N C-N 

(Tneobromine, dimethylxanthin) 
(3, 7-dimethyl-2, 6-dioxypurin) 
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(CH3)N— CO 

I I /(CH3) 

CO C— N< 

I II >H 
(CH3)N— C— N^ 

(Caffeine, theme, trimethylxanthin) (1,3, 7-trimethyl-2, 6-dioxypurm) 



NH— CO 

I I 
CO C— NH. 



Neo 

/ 



NH— C— NH^ 

(Uric acid) (2, 6, 8-trioxypurin) 



li=C— NH2 NH— CO 

II II 

CH C— NH\ H2N— C C— NH. 






^CH 1 II ^H 

-N^^ N C W 

(Adenin) (Guanin) 

(6-aixunopurin) (2-amino-6-oxypurin) 



The purins are also called alloxuriCj xanthin, or niiclein 
bodies. 

Caffeine and theobromine when taken as food are 
excreted in the urine as xanthin and hypoxanthin. The 
other purins are excreted mainly as uric acid. It is 
believed by some that on a diet which is free of purin 
bodies the amount of purins excreted daily is a fixed 
quantity for each individual (c/. kreatinin). 

Some of the purins, mainly xanthin and hypoxanthin, 
are found in muscle, and therefore in meat extract. 
Beef tea or a solution of meat extract contains as its 
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organic constituents chiefly kreatin, pufin bodies, and 
sarcolactic acid. 

Theobromine (dimethylxanthin) is found in chocolate 
and cocoa. It is called an alkaloid (see p. 328), 

Caffeine or theine (trimethylxanthin) is the alkaloidal 
principle in tea and cofifee. Both theobromine and 
caffeine are used as medicines. 

Experiment. Try the murexide test (see p. 203) on 
a little caffeine. Repeat, substituting bromine water for 
HNO3. 

Leucomaine is a term appUed to basic substances 
found in living animal tissues. The purin bodies and 
the kreatinin group of compounds are the chief leuco- 
maines. • 



DIPEPTIDES AND POLYPEPTIDES, 

Because of the fact that the decomposition products of 
proteids include amino-acids (as alanin, glycocoll, leucin, 
tyrosin, aspartic acid, etc.) and the hexone bases, it has 
been proposed to explain the structure of the proteid 
molecule as a chaining together of these amino bodies 
by means of the removal of OH of a carboxyl group of 
the one amido body and an H of the amido group of 
another (c/. formation of acid amides), thus: 

.j6« "Hj 
NH2CH2CO NH.CH2COOH; 
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or a more complicated chain, as: 

— NH • CH • CO— NH • CH • CO— NH • CH • CO-^NH— 
I i I I . 

C4H9 CH2- COOH C3H6CH2NH2 

(Leucin) (Aspartic acid) (Lysin) 

Of course the above is supposed to be only a part of 
the formula. 

On the basis of this hypothesis the problem of the 
synthesis of proteid is now being vigorously attacked. 
Compounds have been synthesized in which two, three, 
and even up to twelve molecules have been made to 
combine in this manner ; these synthetic bodies are called 
peptides. 

If two molecules have united, the compound is a dipep- 
tide; for example, glycylglycin, 

NH2 • CH2 • CO— NH . CH2 • COOH. 

Polypeptides are built up from more than two mole- 
cules; they include tripeptides (as diglycylglycin, 

NH2 • CH2 • CO— NH . CH2 • CO— NH . CH2 • COOH), 

tetrapeptides, pentapeptides, hexapeptides, a heptapep- 
tide, octapeptide, dekapeptide aaid dodekapeptide, 

C4H9 • CH(NH2) • CO • (NH . CH2 . CO)io~NH • CH2 • COOH. 

This last peptide is leucyldekaglycylglycin, and has a 
molecular weight of 758. 



208 ORGANIC CHEMISTRY. 

A number of the peptides give the biuret reaction. 
Some of the polypeptides are said to bear certain resem- 
blances to peptone in their reactions. 

E. Fischer, who is doing such briQiant work in this 
line of synthesis, is inclined to doubt whether this com- 
paratively simple method of linking is the only kind of 
linking existing in proteid molecules. 



CHAPTER XX. 

MIXED COMPOUNDS (Continued). 
CARBOHYDRATES AND GLUCOSIDES. 

CARBOHYDRATES. 

This last class of mixed compounds is of very great 
importance, since it includes sugars and starches. The 
name carbo{n)hydrates calls attention to the fact that 
the number of atoms of hydrogen and oxygen present in 
the molecule bear the same ratio to one another as in 
water; ^ therefore a general formula for carbohydrates 
may be given as Cn(S.20)m- 

Formaldehyde, CH2O might be considered as the 
simplest carbohydrate, but it is never classed as such. 
Mention has already been made (see p. 105) of the 
hypothesis that plants reduce carbonic acid to formal- 
dehyde, and then condense many molecules of this to 
form first sugar, then starch. 

All carbohydrates contain in their formulae one or 
more primary alcohol (CH2OH) groups, and most have 
at least one aldehyde (CHO) or ketone (CO) group and 
many secondary alcohol (CHOH) groups. 

There are three classes of carbohydrates, namely, 

* It should be pointed out in this connection that the term 
hydrate as applied to alkalies is inaccurate, e.g., NaOH, so- 
dium hydroxide, not a hydrate. 

209 
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monosaccharides, disacckarides, and polysaccharides} 
Monosaccharides are the simplest carbohydrates, con- 
taining but one aldehyde or ketone group. From, the 
linking together of two monosaccharide molecules disac- 
charides result. Polysaccharides have complex mole^ 
cules that can be resolved into many monosaccharide 
molecules. 

MONOSACCHARIDES, 

According to the number of carbon atoms present, 
monosaccharides are called dioses, trioses, tetroses, pen- 
toses, hexoses, heptoses, octoses, and nonoses. 
CH2OH 
Glycol aldehyde, | , may be considered a diose. 

CHO 
Glycerose can be obtained by mild oxidation of 
glycerol (or lead glycerate); it is a mixture of an alde- 
hyde and a ketone, and since each contains three carbon, 
atoms, they are trioses : 

CH2OH CH2OH CH2OH 



IHOH -> CHOH + CO 



H2OH CHO CH2OH 

(Glycerol) (Glyceric aldehyde) (Dihydroxyacetone) 



CH2OH 



(Glycerose) 



i. 



:hoh 

Tetrose, | , can be obtained by polymerization 

CHOH 

I 
CHO 

of glycol aldehyde. 

' These are also called monoses, bioses, and polyoses. 



CARBOHYDRATES AND GLUCOSIDES. 211 

The chief pentoses are d-arabinose and d-xylose. 
The following formuUe represent their isomeric rela- 
tion: 

CH2OH CH2OH 

I ' I 

HO— C— H H— C^OH 

I I 

HO-C— H HO— O-H 

I I 

H— O-OH H— C^OH 

I I 

CHO CHO 

((i-Arabinose) (d-Xyloae) 

Arabinose is obtainable by boiling gum-arabic with 
dilute acid. Xylose can be obtained by similar means 
from bran or wood. Racemic arabinose is sometimes 
present in the urine as an abnormal constituent. 

Both arabinose and xylose reduce Fehling's solution 
and form osazones with phenylhydrazine (the nature of 
the osazone reaction will be explained presently). 
Neither is fermented by pure- yeast. They give certain 
colour reactions which will be illustrated in the experi- 
ment below. 

Experiment. Pentose test To 2 c.c. of water m a 
test-tube add 2 c.c. of HCl and warm. Add phloro- 
glucin, -a little at a time, as long as it disisolves. Now 
add 1 c.c. of arabinose solution, and heat until a red 
colour is obtained ; examine at once with a small spectro- 
scope, when an absorption band between the d and e 
lines will be seen. Heat until a precipitate forms, add 
some amyl alcohol, and shake— the alcohol becomes col- 
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oured and gives the same spectroscopic appearance as 
above. 



The hexoses are the sugars of prime importance. The 
chief ones are dextrose, galactose, and Uevidose; the first 
two are aldehyde sugars or aldoses, while the last is a 
ketone sugar or ketose: 



CH2OH 



u 



HO— C— H 

I 
HO— C^H 

. I 
H— C— OH 

I 
HO— C— H 

I 
CHO 

(Dextrose (glucose)) 



CH2OH 

I 
HO-C— H 

I 
H— C— OH 

I 
H— C— OH 

HO— C— H 

I 
CHO 

(Galactose) 



■ CH2OH 

HO— C— H 

I 
HO— C— H 

H— C— OH 

I 
Ci=0 

I 

CH20H 

(Lsevulose (fructose)) 



An aldose isomeric with dextrose and galactose can be 
made by condensation of two molecules of the triose, 
glyceric aldehyde : 



CH2OH 

I 
CHOH 



:ho 



+HCHOH 

I 
CHOH 

CHO 

(Glyceric aldehyde) 



CH2OH 

CHOH 

I 
CHOH 

I 
CHOH 

CHOH 

I 
CHO 

(Aldohexofle) 



i. 
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In a similar manner condensation of the aldehyde and 
ketone trioses in glycerose results in the production of 
a ketose isomeric with Isevulose, thus: 

CH3OH CH2OH 

I I 

CHOH CHOH 

I 
:;H0 + HCHOH = CHOH 

I I 

CO CHOH 

I I 

CH2OH CO 

(Glyceric aldehyde) (Dihydroxyacetone) I 

* ^ t I 

(Glycerose) CH2OH 

(Ketohexose) 

Such condensations are commonly called aldol con- 
densations (see aldol, p. 104). By aldol condensation 
of six molecules of formaldehyde, formose is obtained, 
which contains an aldose identical with that obtained 
from glyceric aldehyde : 

/H ./H yH y'H /H 

._ \ y \ /^ \/ \y^ \ ' 

H2C0+HC0+HC0+HC0+HC0+HC0 = 
= H2COH CHOH -CHOH -CHOH -CHOH -CHO. 



!/■ 



All the synthetic sugars are optically inactive when 

produced by purely chemical means. 

Dextrose is the aldehyde of the hexacid alcohol sor- 

CH2OH 

I 
6ito?, (CHOH) 4, and can be converted into the latter by 

CH2OH 
reduction. Dextrose can be oxidized to the dibasic 
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COOH 
j 
acid saccharic acid, (CH0H)4. The alcohol dvlciiol, a 

COOH 
stereoisomer of sorbitol, can be oxidized to galactose, 
and this aldehyde monosaccharide can be oxidized fur- 

COOH 

I 
ther to mvjcic acidy (CH0H)4. Mucic acid is optically 

I 
COOH 

inactive, while saccharic acid is optically active.* 

The question of the possibility of the formation of dex- 
trose from proteid is of very great physiological importance. 
The chemistry of the problem will now be briefly considered. 
Attention has been called to the fact that proteids readily 
split up into amino-acids. Reasoning on purely chemical 
grounds it is possible that amino-acids containing three or 
six carbon atoms can be converted into dextrose. 

Alanin can be changed to lactic acid, the latter to glyceric 
acid, which can be reduced to glyceric aldehyde, and finally 
this can be converted into a dextrose-like sugar by aldol con- 
densation. Such a synthesis when cafried out in the animal 
organism would undoubtedly result in production of dextrose, 
i.e., dextrorotatory glucose. It is quite likely that serin 
(and possibly cystein) is also convertible into lactic acid and 
therefore into dextrose: 

CH,OHCHNH, COOH, serin. 
CH3 CHNH^ -COOH, alanin. 

i 
CHa CHOH COOH, lactic acid. 

i 
CH2OH CHOH COOH, glyceric acid. 

i 
CH2OH CHOH -CHO, glyceric aldehyde. 

CH,0H(CH0H)4CH0, dextrose-like aldose. 

* There are eleven stereoisomeric acids having the formula 
C00H(CH0H),C00H. 
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Lieucin may be convertible into dextrose, since tetrahy- 
droxycaproic acid can be made by the action of KOH on 
dextrose. A comparison of formula makes plain this pos- 
sibility: 



COOH 

I 
CHNH, 

CH, 



CH,OH 

CHOH 

I 
CHOH 



CH,OH 

I 
CHOH 

I 
CHOH 



CH 

CHaCH, 


COH 
CHX!OOH 


CHOH 
CHOH 


(Leucin) 


(Tetrahydroxy- 
isocaproic acid) 


CHO 

(Dextrose) 



The production of dextrose from alanin in the animal body 
has been experimentally demonstrated, lactic acid being 
noted as an intermediate product. In the case of leucin the 
experimental evidence is, at present, conflicting. 



There are certain proteids that contain sugar com- 
bined with the proteid molecule proper; * such are called 
glucoproteids. This combined sugar has been found in 
most cases to be an aminohexose, generally glucosamine, 
CH2OH 



(CH0H)3 

I 
CHNH2 

I 
CHO 



This sugar group in proteid may be 



* In fact, most proteids except gelatin and casein contain 
such groups. In serum albumin, however, only a doubtful 
trace of such groups is present. 
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detected by certain colour reactions (see exp. be- 
low). 

Experiment. To 1 c.c. of a strong solution of egg 
proteid add a drop of saturated solution of a-naphthol 
in alcohol (acetone-free); then with a pipette add 1 c.c. 
of C.P. H2SO4, so that the acid does not mix, but forms 
a bottom layer. The greenish colour at the zone of 
contact is due to the reagents; let the tube stand until a 
violet ring forms. If the violet colom* does not appear, 
tap the tube so as to cause a slight mixing of the two 
layers. This is MoliscKs test and is given by all carbo- 
hydrate-containing substances. 

General Reactions of Monosaccharides. They all 
reduce alkaline silver, copper, and bismuth solutions, 
as do other aldehydes and some ketones (see p. 106). 
All form osazone crystals when treated with phenyl- 
hydrazine acetate (see exp. below). The osazone from 
Isevulose is identical chemically with that from dextrose. 

Methylphenylhydrazine gives osazones only with 
ketoses, and can therefore be used to detect the presence 
of Isevulose. Glucosazone has the formula 

CH2OH 

I 
(CH0H)3 

C=N.NH.C6H5^ 

C=^N NHCeHs 

I 
H 
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This can be converted by treatment with warm hydro- 

CH2OH 

I 
(CH0H)3 
chloric acid into glucosone, | When glucosone 

CO 

I 

CHO 
is treated with nascent hydrogen (as by using zinc dust), 
fructose is formed. Thus we can convert an aldose into 
a ketose. 

Dextrose and galactose are dextrorotatory; laevulose 
13 laevorotatory. They all have a different rotary power 
when freshly dissolved from that which they show after 
allowing the solution to stand. This phenomenon is 
called mvltirotationy and has been explained by suppos- 
ing that in fresh solution the sugar molecules are 
oxides, as 

CHOH 

I 
CHOH 

I- 
CHOH, 

I 

CHOH 

I 
CH2OH 

but as the solution becomes older that these are changed 
to aldehyde (or ketone) molecules. These hexoses are 
fermented by yeast, giving, as the main products, alcohol 
and carbon dioxide. 
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In making a test for reducing sugar (dextrose, Jaevulose, or 
lactose) in the urine, reduction of Fehling's solution is not 
sufficient, for the urine may reduce this reagent after the admin- 
istration of turpentine, chloroform, chloral, phenacetin, saccha- 
rin, salicylic acid and balsams, because these bodies are excreted 
in glycuronic acid combination (see p. 172). While the bismuth 
test excludes many non-saccharine substances that feduce 
Fehling's solution, it may yet be positive with urine after 
the administration of antipyrin, salol, tiu-pentine, kairin, 
senna, rhubarb, and some other drugs. The phenylhydrazine 
test is the most delicate and the most positive. The fer- 
mentation test, if positive, is conclusive evidence. If lactose 
or a pentose alone be present, fermentation will not occur. 

Dextrose (glucose, grape sugar) is present in many 
fruits and plants, in honey, and in the urine of diabetic 
patients. Commercial glucose is made by boiling 
starch with dilute acid; it is used for making candies, 
cheap syrup, etc. Pure glucose is crystalline; if crystal- 
lized from water it .contains a molecule of water of 
crystallization, but if crystallized from methyl alcohol 
it is anhydrous. It is not so sweet as cane sugar. 

Galactose is obtained ,from lactose by hydrolysis of 
the latter. 

Laevulose (fructose, fruit sugar) is contained in many 
sweet fruits, in honey, and rarely in uruie. It is difficult 
to crystallize. 

Experiments. (1) Prepare osazone crystals from 
dextrose and Isevulose as follows: To 100 c.c. of a strong 
solution of the sugar add 0.25 gm. of phenylhydrazine 
hydrochloride and 0.5 gm. of sodium acetate, heat in a 
water bath at 100° for an hour, and cool. Examine the 
yellow crystals under the microscope. Collect the 



y 



CARBOHYDRATES AND GLUCOSIDES. 219 

crystals on a filter, wash thoroughly with water acidu- 
lated with acetic acid, press between filter-paper, dry 
the crystals in a desiccator, and later make melting- 
point determinations.^ 

The osazones of the important sugars have the 
followuig melting-points: 



Dextrose 1 ^^.^ ^^^« 

J , 204*^-205^ 

Laevulose J 

Lactose 2W 

Maltose 206^ 

(2) Ketose test. To a few cubic centimetres of 
laevulose solution add half its volume of HCl. Add 
a few crystals of resorcin and heat the mixture. A deep- 
red colour develops, later a brown precipitate which is 
soluble in alcohol. The alcoholic solution is red. 

(3) (a) Try the aldehyde tests (see p. 106) with 
dextrose solution. (6) To some dextrose solution add 
one fifth its volume of alkaline bismuth reagent (4 gm. 
Rochelle salts and 2 gm. of bismuth subnitrate dis- 
solved in 100 c.c. of 10% NaOH), boil five minutes. 
On cooling a black precipitate separates out. 

DISACCHARIDES, 

These are the result theoretically of the union of two 
monosaccharide molecules, with the elimination of a 

* A quicker and more satisfactory way of securing osazone 
crystals is as follows: To 0.5 c.c. phenylhydrazine add 0.5 c.c. 
glacial acetic acid, after mixing add 10 c.c. of the sugar solu- 
tion, heat in a boiling water bath; glucosazone crystals appear 
in 5-10 minutes. For lact- and maltosazone heat 20-30 minutes, 
tJien cool before examining. 
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molecule of water, 9ane sugar being a combination of 
dextrose and Isevulose, lactose of dextrose and galactose, 
and maltose of two dextrose molecules: 

C6Hi206 + C6Hi206 = Ci2H220ii -f H2O. 

By hydrolysis the constituent monosaccharides are 
easily obtained: 

C12H22O11 4-H20=C6Hi206 + C6Hi206. 

Dilute mineral acids and ferments (inyertases) bring 
about this hydrolysis, which is called inversion. Yeast 
produces an invertase that hydrolyzes maltose quickly 
and cane sugar slowly, but has no effect on lactose. 
Therefore lactose does not ferment with yeast, while 
cane sugar and maltose do. 

Maltose and lactose reduce alkaline copper and 
bismuth solutions, pure cane sugar does not. After 
inversion, however, cane sugar reduces these reagents. 
Therefore Fehling's solution can be used for quantitative 
estimation of all the sugars treated of in this chapter. 
10 c.c. of Fehling^s solution is reduced by 

0.050 gram dextrose or laevulose. 
0.0676 '' lactose. 
0.074 '' maltose. 

0.0475 '' cane sugar (after conversion 
into invci^t-sugar). 

Maltose and lactose form osazones with phenylhydra-- 
zine, each of these having a characteristic crystalline 
form and melting-poinl (see p. 219), while cane sugar 
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forms no such combination provided hydrolysis is 
guarded against. 

In order to explain the non-aldehydic action of 
cane sugar as shown by its behaviour in these two re- 
actions the following formula has been suggested for it : 



CH2OH 

I 
CHOH 

I 
CHO— 

I 
CHOH 

I 
CHOH 



CH2OH 

I 
CHO— 

CHOH 

I 
CHOH 



-0-C- 



\ 
H CH2OH 

(Dextrose half) (Lsevulose half) 

These disaccharides are all dextrorotatory. Maltose 
shows the greatest rotary power, lactose the least; 
maltose and lactose . manifest multirotation. Jnvert- 
sugar is distinctly Isevorotatory, while the cane sugar 
from which it is produced is dextrorotatory; this is 
due to the fact that the Isevulose produced (invert- 
sugar is a mixture of equal parts of laevulose and 
dextrose) rotates polarized light more to the left than 
does dextrose to the right. 

Saccharose (cane sugar, beet sugar, sucrose), 
C12H22O11, is the most important of the sugars because 
of its use as food. It is contained in sugar cane, beets, 
the sap of certain maple trees, and in many other vege- 
tables and plants. 
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The method of commercial preparation of cane sugar 
• is, in brief, as follows : The crushed or chipped material 
is soaked with water; this sugar extract is treated with 
Ume (removes acids and many impurities), then with 
carbon dioxide (removes the Ume), and is then evapo- 
rated in vacuum pans. On cooling, sugar crystallizes 
out. This crude sugar is dissolved, filtered through 
bone-black (animal cliarcoal), and recrystalUzed. The 
syrup that is left is molasses. Cane sugar as sold is 
commonly called granulated sugar. 

Cane sugar forms large crystals when slowly crystal- 
Uzed; they are monocUnic prisms. It melts at 160°; at 
210°-220° it is converted into caramel with loss of water. 
It is extremely soluble. It forms saccharates with 
bases. 

Lactose (milk sugar), C12H22O11 +H2O, is the sugar 
contained in milk. It occasionally occurs in the urine 
of pregnant women. Certain microorganisms convert 
* lactose into lactic acid (souring of milk, see p. 169). 
When heated it forms lactocaramel, CeHioOs. Lactose 
is crystalline and contains a molecule of water of crys- 
tallization. It can be obtained as amorphous lactose, 
which is anhydrous. Lactose forms compounds with 
bases. It is hydrolyzed by dilute mineral acids to 
galactose and dextrose. 

Maltose, C12H22O11 +H2O, is the product of the action 
of the ferments diastase (in malt), ptyaUn (in saliva), or 
amylopsin (in pancreatic juice) upon starch. It can 
also be obtained from starch by treatment with dilute 
mineral acids, the action of the acid being stopped at 
a stage before glucose is formed. It crystallizes in fine 
needles. It can be easily hydrolyzed to dextrose. 
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Experiments. (1) Produce osazone crystals from 
lactose and from maltose (see p. 218). Examine micro- 
scopically. Make melting-point determinations. 

(2) (a) Examine a 10% solution of pure cane sugar- 
with the polariscope (see p. 178). (6) To 50 c.c. of a 
20% cane sugar solution in a 100 c.c. graduated fla.^k 
add 1 gm. of citric acid, and boil for five minutes. Cool, 
almost neutralize, and fill up to the mark. Examine 
this invert-sugar solution (corresponding in concentra- 
tion to the solution in (a)) with the polariscope. The 
specific rotation [a]D of the important sugars in 10% 
solution when sodium light is used are for 

Dextrose + 52.7° 

Laevulose - 93.0*=* 

Maltose +137.04° 

Lactose +52.5° 

Cane sugar + 66. 54° 

Invert-sugar - 20.2° 

( —means rotation to the left.) 

(3) Test cane sugar before and after inversioix (solu- 
tions of experimejit 2, a and b) with Fehling^s solution. 

(4) Try the ketose test (see p. 219) on cane sugar 
solution. 

(5) Galactose test To 10 c.c. of a strong solution of 
lactose add 3 c.c. of HNO3 and boil for a few minutes. 
Now evaporate on a water bath to about 3 c.c. while 
stirring. Add 2 c.c. of water and cool. If no crystals of 
mucic acid separate out, let the material stand and 
examine after twenty-four hours. 
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POLYSACCHARIDES. 



These have complex molecules containing many sugar 
molecules linked together. 

Cellulose,^ (CeHioOs)^, is essential to aU plants, being 
the chemical basis of the woody fibre. Cotton-fibre, 
hemp, flax, and the best filter-paper are almost entirely 
cellulose. Ordinary paper is composed mainly of cellu- 
lose. Cellulose is affected by only a few chemical agents ; 
concentrated acids and alkalies and an ammoniacal solu- 
tion of copper oxide (Schweitzer's reagent) are able to 
dissolve it. If unsized paper be treated momentarily 
with sulphuric acid, its surfaces become changed to amy- 
loidj which renders the paper tough. Parchment paper 
is made in this way. If a solution of cellulose in sul- 
phuric acid be diluted and boiled, dextrin and glucose 
are produced by hydrolysis of the cellulose. 

Experiments. (1) Dissolve some scraps of filter- 
paper in a little cold concentrated H2SO4, dilute with 
200 c.c. of water, and boil for an hour. NeutraUze some 
of this hydrolyzed cellulose solution and test with Feh- 
ling's solution. 

(2) Immerse a piece of blotting-paper in 80% H2SO4 
for a moment only, transfer to a large beaker of water, 
and wash out the acid thoroughly. Allow the paper to 

dry out; it will be found to be tough. 

■ 

* The following formula has recently been proposed for cel- 
lulose: 

CH(OH).CH— CH(OH) 



>> 



CH(0H)<3H— CH2 
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(3) Detection of lignin ^ in paper made from wood. 
Coat a sheet of cheap white paper with a solution of 
aniUne in HCl; if it turns yellow, Ugnin is present*. 

When cellulose is treated with nitric acid, nitrates of 
cellulose are formed, just as nitroglycerol is produced 
from glycerol. The nitrates range from the dinitrate to 
the hexanitrate. 

Guncotton (nitrocellulose, pyroxylin) contains the 
higher nitrates. It is explosive. The hexanitrate is the 
basis of one of the best smokeless powders. The prod- 
ucts of the explosion are nitrogen, hydrogen, carbon 
monoxide and dioxide, and water-vapour. 

The lower nitrates are contained in celloidin. Col- 
lodion is a solution of these nitrates in a mixture of 
ether and alcohol. Celluloid is made by dissolving them 
in camphor. 

An artificial silk can be produced by means of the hexanitrate, 
fine filaments being made and spun into thread. After being 
woven the nitrocellulose fabric is treated with a solution of 
calcium sulphide, which removes the NO2 groups. Almost 
pure cellulose, resembling silk, is left. 

Experiment. Mix 5 c.c. of C.P. HNO3 and 10 c.c. of 
C.P. H2SO4. When cool immerse some absorbent cot- 
ton in the mixture for half a minute, then wash out 
the acid from the cotton with a large quantity of water, 
press out the water, and dry at room temperature. 
When dry, shake part of it with a mixture of ether and 
alcohol, pour the liquid into an evaporating dish and 

* A substance (probably not a polysaccharide) present along 
with cellulose in wood. 
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allow to evaporate. A syrupy liquid (collodion) is 
obtained, and later a glassy skin. Test the inflamma- 
bility of another piece of the dry cotton, and compare 
with untreated cotton. 

Starch (amylum), (CeHioOs)^;, comprises a large part , 
of aU vegetable food. It exists in the plant as granules, 
having different forms and sizes in different plants. The 
granule has a membrane of cellulose enveloping it. This 
bursts when starch is heated with water, because the 
starch swells. 

Starch is insoluble in cold water. When boiled, it 
apparently goes into solution or forms a gelatinous mass, 
according to the amount of water present. It is not a 
true solution, however, but is called a colloidal solution. 
Colloids in solution will not dialyze, i.e., pass through an 
animal membrane, parchment paper, or a semipermeable 
membrane (see p. 41). They exert no appreciable 
osmotic pressure and. do not seem to obey the laws of 
depression of freezing-point, etc. ; therefore their molec- 
ular weights are still undetermined. 

Ordinary starch is made from corn or potatoes. A 
dilute solution of boiled starch is readily hydrolyzed by 
ferments (diastase, ptyalin, etc.) and by platinum black 
(catalytic action) at a temperature of about 40°. Dex- 
trin is first formed, then maltose, while hydrolysis by 
boiling with dilute mineral acid carries the process fur- 
ther, the end product being glucose. Heat alone con- 
verts starch into dextrin; the crust on bread is mainly 
dextrin. Starch combines with iodine to form a blue 
compound ; heat drives the iodine out of combination, 
so that the colour is lost until the mixture becomes cool 
again. 
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Dextrin, or more properly dextrins, are less complex 
bodies than starch. The formiila C36H62O31 has been 
assigned to some of them. Commercial dextrin is pre- 
pared from starch by means of heat. It forms a gummy 
solution which is used for making labels. It is insoluble 
in alcohol. All the dextrins except achroodextrin are 
precipitated by saturating their solutions with salts, 
such as ammonium sulphate and sodium sulphate. 

Most of the dextrins give a red or violet colour with 
iodine. The dextrins are dextrorotatory. Acid hydro- 
lyzes them to glucose. 

Glycogen, (CeHioOs)^, resembles dextrin. It is found 
only in animal tissues, mainly in the liver. The liver 
acts as a storehouse for carbohydrates, storing up in 
the form of glycogen the sugar which comes to it from 
the digestive organs, and then reconverting the latter 
into sugar as needed by the tissues. Glycogen forms a 
colloidal solution which is characteristically opalescent. 
With iodine it gives a reddish-brown colour. It hydro- 
lyzes to dextrose. It is precipitated by 50% alcohol 
and by basic lead acetate. 

Experiments. (1) Test solutions of starch, dextrin, 
and glycogen with iodine solution. 

(2) Test them with lead subacetate solution. 

(3) Test them with FehUng's solution before and 
after hydrolyzjng by boiling with dilute HCl. 

Gtims contain polysaccharides similar to dextrin. 
Gum arable (acacia) contains arabin (CioHisOg?), which 
hydrolyzes to arabinose. Gum tragacanth contains bas- 
serin. 
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GLUCOSIDES. 

These are vegetable substances which can be split up 
by hydrolysis into a sugar and some other characteristic 
compound or compounds. Many of them are important 
medicines. More than a hundred glucosides have been 
studied. The sugar derived from them is generally 
glucose. 

Phloridzin, C21H24O10, is used to produce experimental 
diabetes in animals. It spUts up into glucose and 
phloretin, C15H14O5 (see also phloroglucin, p. 267). 

Salicin, C13H18O7, is used in medicine (see p. 297). 

Saponin, C32H52O17, is contained in soap-bark. It 
forms a suds with water similar to soap-suds. 

Amygdalin, C20H27NO11, i^ found in bitter almonds, 
peach-pits, etc. The ferment emuisin, as well as acids, 
hydrolyze it to glucose, hydrocyanic acid, and benzal- 
dehyde (see p. 270). 

Digitalein, C22H38O9, is contained in the very im- 
portant drug digitaUs. Glucose and digitaliretin, 
C16H26O3, are the products of its hydrolysis. 

Adonidin and ergotinic acid are also glucosidal in 
nature. 

Experiments. (1) Try Molisch's test (see p. 216) on 
a solution of a glucoside (e.g., saponin). 

(2) Hydrolyze some glucoside solution by boiling 
with dilute H2SO4, neutraUze, and examine for sugar 
with Fehling's solution. 



CHAPTER XXI. 

UNSATURATED HYDROCARBONS AND THEIR 
DERIVATIVES. 

The most important unsaturated hydrocarbons are 
the ethylenes and acetylenes. Their unsaturation con- 
sists in h^^ving two or three bonds or Unkings between 
two or more carbon atoms, thus : 

C=C, C=C, C=C— C=C, C=C=C, etc. 

Unsaturated substances of this nature readily form 
addition compounds, as with iodine and bromine. 
This fact is taken advantage of in analysis of fats and 
oils, the estimation of the oleic and other unsaturated 
acids being made by the use of an iodine solution 
(see p. 151). 

Another illustration of the formation of addition 
compounds is the production of ethylene bromide, 
C2H4+Br2=C2H4Br2. Halogen acids (HBr, HI) are 
added on to these hydrocarbons in similar manner: 
C2H4 +HBr =C2H6Br, The addition compound is, of 
course, saturated. 
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ETHYLENES. 

Ethylenes or olefins, CnH2„, form an homologous 
series. 

Ethylene (ethene, olefiant gas), CH2=CH2, is the 
only member of importance, and is contained in coal-gas 
(about 4%). It is colourless and burns with a yellow 
flame. Ethylene forms an explosive mixture with oxy- 
gen. It is obtained by dehydration of alcohol, as by 
sulphuric acid (see exp. below) : C2H5OH =C2H4 +H2O. 

Experiments. (1) In a litre flask heat a mixture 
of 30 c.c. of alcohol and 83 c.c. of C.P. H2SO4 on a 
sand-bath. Put a little sand in the flask. Use a 




Fig. 24. 



two-holed cork. Insert a dropping fimnel. Connect 
with a series of wash-bottles as shown in the diagram; 
the first bottle contains H2SO4, the Woulff bottle (having 
a safety-tube) contains dilute NaOH solution, each of 
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the last bottles contains 10 c.c. of bromine and 25 c.c. 
of water, finally a flask containing dilute alkali catches 
any bromine vapour that may pass over. Begin 
heating the flask. At the start raise the safety-tube 
of the WoulflF bottle out of the Hquid, and attach a 
piece of tubing. By means of this tube bubble the 
evolved ethylene through a mixture of solutions of 
potassium permanganate and sodium carbonate in a 
test-tube (Von Baeyer's reagent i) xmtil the pink 
colour is lost and a brownish precipitate of hydrated 
manganese dioxide appears. Lower the safety-tube 
and then begin running slowly into the flask, through 
the dropping funnel, a mixture of alcohol and sulphiu-ic 
acid (100 c.c. of the former to 85 c.c. of the latter). 
Keep up a steady production of ethylene imtil the 
bromine is decolorized. The bromine bottles should 
stand in ice-water. 

Disconnect the flask and then remove the flame. 
Wash the ethylene bromide repeatedly with water 
in a separating funnel, and finally shake it with NaOH 
solution. Draw off the bromide into a flask, add dry 
calcium chloride, and cork. After a day or so distil, 
noting the boiling-point (131°, but- 129.5^ at 730 mm.). 
Also take the specific gravity (2.1785 at 20°). 

(2) Bubble coal-gas into Von Baeyer's reagent, as 
above. 



* Von Baey<5r's reagent is decolorized by formic and hydroxy- 
benzoic acids, by raalonic ether, phenols, aldehyde, benzalde- 
hyde, aldehyde bisulphite, acetone, acetophenone, glycerol, and 
some sugars (because of oxidation of these substances), as well 
as by unsaturated compoimds. 
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AUyl alcohol (propenol), ^ CH2=CH.CH20H, is • 
an unsaturated alcohol corresponduig to the hydro- 
carbon propene, CH2=CHCH3. Its radicle, C3H5, is 
called allyl. This alcohol can be made from glycerol. 

Acrolein (acrylic aldehyde), CH2=CHCH0, is the 
aldehyde from the above alcohol. It is produced from 
glycerol (see p. 148) : 

OH OH H H 
CH2— CH— CH— =CH2=CH— CHO -h2H2p. 

(Glycerol) (Acrolein) 

By oxidation it becomes acrylic acid, CH2=CHC00H. 
Oleic acid is a member of the acrylic acid series. It 
has the formula C18H34O2 or C17H33COOH. It is con- 
tained in combination with glycerol as glyceryl tri- 
oleate, in many oils, as in olive oil and whale oil, and in 
animal fats. Oleic acid forms crystal's, melting at 14°. 
Hydriodic acid converts it into stearic acid; this is 
brought about by addition of hydrogen, thus: 

C18H34O2 +2H =Ci8H3602. 

(Oleic acid) (Stearic acid) 

Fusion with caustic potash results in the formation of 
palmitic and acetic acids. 

Experiments. (1) Dissolve two drops of oleic acid 
in a few cubic centimetres of ether in a test-tube; 
shake with a little Von Baeyer's reagent (see p. 231). 

(2) Shake some ether with a little bromine water; the 
ether becomes yellow. Add a few drops of oleic acid and 
shake. The bromine is taken up, so that the colour is 
lost. 



UNSATURATED HYDROCARBONS, 233 

Ricinoleic acid is Ci7H32(OH)COOH. It is present in 
castor oil in combination with glycerol. 

Crotonic acid, CHaCH^CHCOOH, is found in 
croton oil. 

Allyl sulphide, (03115)28, is contained in oil of garlic. 
It has a disagreeable odoiu*. 

Allyl isothiocyanate, C\^ ^ ^, is a mustard oil. 

It is contained in glucosidal combination in mustard and 
horse-radish. 
Allyl thiourea (allyl sulphocarbamide, thiosinamine), 
/NH2 



^^^^^nNH^C H ' ^ ^^^ ^^ ^ remedy. 



ACETYLENES. 

These hydrocarbons, CrJl2n-2, form a series of which 
few members are known. 

Acetylene, CH^CH, is the only important member. 
Small quantities are synthesized directly from carbon 
and hydrogen when a stream of hydrogen is passed 
between the carbon poles of an electric arc-light, a 
small quantity of methane being formed at the same 
time. It is formed when a Bunsen burner ''snaps 
back." The gas is made most easily and cheaply by 
the action of water on calcium carbide, 

C2Ca + 2H2O = C2H2 + Ca(0H)2. 

When used with a special burner it gives a brilliant 
light. It is used extensively as an illuminating gas. It 
is a colourless gas of unpleasant odour. 
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Experiments. (1) Put 10 gm. of calcium carbide in 
a dry flask or bottle, cork with a two-holed cork. By 
one hole suspend a dropping funnel containing water, 
into the other hole fit a benu delivery tube. Let the 
water drop on the carbide very slowly. Bubble the 
acetylene into Von Baeyer's reagent until the test is 
secured. Then connect with a platinum-tipped glass 
tube such as is used for burning hydrogen. Light the 
acetylene — a brilliant flame is obtained. 

(2) Cause a Bunsen burner to strike back by blowing 
on the flame, invert over it a beaker which is moistened 
inside with a solution of cuprous chloride in anmionia — 
a red precipitate of copper acetylide is formed. 

Linoleic acid, C17H31COOH, is contained in linseed 
oil in combination with glycerol. It has the power of 
taking up oxygen from the air, and then becomes a solid 
substance. Linseed oil in drying becomes hard for this 
reason, hence its use in varnishes and paints. 



CHAPTER XXII. 

CYCLIC COMPOUNDS AND TERPENES. 

These form a transitional group between the fatty and 
the aromatic compounds. 

CYCLIC COMPOUNDS. 
Certain hydrocarbons with the general formula C„H2n 
have properties quite different from those of the ethylene 
series; indeed, they behave quite like members of the 
methane series. Thus, they do not reduce Von Baeyer's 
reagent. Therefore, instead of representing them as 
composed of an open chain with double linkings, their 
formulae are written as closed chains (and hence they are 
called cyclic compounds); for example, cyclopropane, 

CH2V CH2 — CH2V 

I yCH2; cyclopentane, | /CH2, etc. 

CHa^ CH2— CH2/ 

They are given the same names as the members of the 
methane series, with the prefix cyclo. Certain of these 
cyclic compounds have been found in Caucasian pe- 
troleum. 

TERPENES AND CAMPHORS. 

In the volatile oils obtained from coniferous 

trees (and in various other natural products) are 

contained bodies having the empirical formula CioHie. 

These are called terpenes. They decolorize Von 
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Baeyer^s reagent (see p. 231), and they combine directly 
with one or two molecules of HCl. They therefore 
possess the general properties of unsaturated com- 
poimds, but yet they differ from these in many re- 
spects and may be considered to belong to the class 
of cyclic compounds since they contain a closed chain 
of carbon atoms. By mild oxidation many of them 
can be converted into cymene (paramethyisopropyl 
benzene) (see p. 253) and by further, oxidation into 
paratoluic acid (see p. 278), both of these substances 
being aromatic compounds. 

The terpenes and camphors include many bodies 
of medical and commercial value, and of these the 
following are important: 

1. Pinene, CioHie, the principal constituent of oil 
of turpentine, has the structural formula annexed, 
and exists as stereoisomers. 
When combined with hydro- 
chloric acid it forms pinene 
hydrochloride, C10H17CI, which, 
since it resembles camphor, is 
CH known as artificial camphor 
(see exp. below). Artificial 
camphor can be converted into 
true camphor. Oil of turpen- 
/Qjj tine is obtained by incising the 
bark of fir-trees; the crude oil 
contains, in addition to turpen- 
tine, residues constituting rosin. 
Pinene can be converted by alcohol and nitric acid into 
terpin hydrate, CioHi8(OH)2+H20> which is a crjrs- 
talliue substance used in medicine, 
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Experiments. (1) Prepare artificial camphor. Into 
10 c.c. of freshly distilled turpentine that is free of 
water (treat with calcium chloride before distilling) 
contained in a flask kept cool by a freezing-mixture, 
bubble dry HCl gas until crystals of pinene hydro- 
chloride appear. Make the HCl by heating in a retort 
a mixture of dried NaCl and C.P. H2SO4. Collect the 
crystals on a filter and examine them. 

(2) Shake some turpentine with Von Baeyer's 
reagent. Is there evidence of unsaturated link- 
ing? 

2. Camphor, CioHieO. This is a gum obtained by 
distilling with steam the finely chopped wood of the 
camphor tree. Its chemical structure has recently 
been worked out, and 
it can be produced by 
synthetic processes. Cam- 
phor contains a ketone 
group, having the for- 
mula as shown opposite. 
Carvacrol (isomeric with 
thymol) can be obtained from it by the loss of two 
atoms of hydrogen. By warming with phosphorus 
pentoxide it is converted into cymene. It melts at 
p-rj. • 176.4°, and sublimes, 

I the sublimate forming 

Ql{^ C COOH crystals. Camphor mono- 

I bromide is CioHisBrO. 

CH3 — C — CH3 Camphor can be oxi- 

^TT ^/Itt pnATT dized to camphoric acid 

^^2 tU LUOll ^g^^ j^^^^j^ opposite) . 
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3. Menthol is related to camphor, but contains an 
alcohol group CHOH instead of a ketone group. Its 
formula is given below. Like camphor, it contains no 



H:,C 

I 
H2C 



CH, 



k 



H 



CH2 



H 



unsaturated linkings. Menthol 
is a white crystalline substance 
melting at 42°, and is the chief 
constituent of oil of peppermint. 
It is useful as a medicine. 



CH 
C3H7 



SUBSTANCES ALLIED TO TERPENES. 

Caoutchouc or rubber contains a terpene-like 
substance, CsoHegOio. This is decomposable into 
3(CioHi6)+10H20. Rubber is the hardened milky 
juice of certain tropical plants. Gutta-percha is similar 
to rubber. 

Cholesteron (cholesterin), C27H44O or C27H46O, is 
an important constituent of bile. Its chemical reactions 



^The following structural formula has been proposed very 
recently : 



cm CH |CH 

•CH W |cH 

\ / ^ 

-CT CH, 



HO 
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reveal the presence of alcoholic hydroxyl and of double 
linkings between certain of its carbon atoms. It seems 
to be closely allied to the terpenes, and has no similarity 
in structure to fats, although in its solubilities it is much 
like them. 



CHAPTER XXIII. 
THE AROMATIC HYDROCARBONS. 

Nearly all of the substances which we have so far 
studied are represented in their formulae as composed 
of open chains of carbon atoms. A few of them, such 
as the anhydrides of hydroxy-acids, lactones, and the 
purin derivatives, have to be represented as composed 
of closed chains. It is only in the case of the aromatic 
bodies and the cyclic compounds, however, that each 
link in the closed chain is represented by a C atom. 
In connection with the paraffin derivatives containing 
closed chains, moreover, it will be remembered that 
their closed chain is readily opened, e.g., an anhydride 
of an acid can easily be converted into the corresponding 
acid, etc. 

We come now to a group of organic substances — 
the largest group, indeed — the members of which are 
composed of closed chains that cannot readily be opened. 
In the older chemical nomenclature the bodies belong- 
ing to this group were called aromatic bodies on account 
of the presence of an agreeable aroma, and by this name 
they are still known. They may all be looked upon 
as derivatives of a substance called benzene, CeHe, 
just as all the fatty substances may be represented as 

240 
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derivatives of methane. Many of the derivatives of 
benzene are indeed quite analogous with those of 
methane, undergoing similar reactions and possessing 
much the came properties. Unlike the fatty series, 
few of them are useful as foods; many of them, how- 
ever, have very pronounced physiological actions. 
Commercially they are of very great value. 

There are four simple reactions in which the two 
groups — i.e., the aromatic and the fatty — give very 
different results : 

1. With concentrated nitric acid the aromatic hydro- 
carbons readily form nitro compounds, which on reduc- 
tion with nascent hydrogen yield amino-derivatives. 
Paraffins are unaffected by HNO3. 

a. CeHgj HTHO iNOg ^CeHgNOg +H2O. 

(Benzene) (Nitrobenzene) 

h. C6H5N02+6H=C6H5NH2+2H20. 

(Aniline) 

2. With concentrated sulphuric acid they form sul- 
phonic acids (see p. 163). Paraffins are unaffected by 
H2SO4. 

CeHslHTHO! • SO3H ^CeHsSOsH +H2O. 



(Benzene sulphonic acid) 

3. Chlor- and brombenzene are very stable and do not 
readily react with KOH, whereas in the case of methyl 
chloride, etc., hydroxyl can readily be substituted for 
the CI (see p. 93). 

4. When a benzene substitution product with one or 
more side chains of carbon atoms is oxidized, the side 
chain or chains become oxidized in such a way as to 
form simply carboxyl. 
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BENZENE, 

At the outset we must slucly the structure of benzene, 
since, as has been noterl, this is the mother substance 
of the aromatic bodies. We must furnish evidence that 
its formula is correctly represented as having a closed 
chain. 

Benzene * (benzol), CeHe. When coal is heated in gas 
retorts, in the preparation of artificial gas, there .passes 
out with the gas a vapour which is condensed in specially 
arranged condensers. The condensed vapours con- 
stitute coal-tar. The ammonia and pyridine bases 
which are also given off from the retorts are dissolved 
in water. The tar is a mixture of neutral, acid, and a 
small qiiantity of basic bodies, and also contains par- 
ticles of carbon in suspension (hence its blackness) . The 
tar products are separated, partly by fractional distilla- 
tion and partly by chemical means. The crude tar is 
distilled into four fractions, as follows : 

(1) Light oil (fraction up to 170°). 

(2) Carbolic oil (170°-230°). 

(3) Heavy or creosote oil (230°-270^. 

(4) Anthracene oil (above 270°). 

The residue contains a large amount of carbon. 

The light oil is purified by treatment with acid and 
with alkali and is then distilled. It is in the light oil that 
most of the benzene and its homologues are contained. 
The benzene can be further purified by fractional dis- 
tillation, then by treatment with concentrated H2SO4 
to remove thiophene (C4H4S), and finally by freezing it 
and pouring off the hquid portion. 

* Different from benzine (see p. 79). » 
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Benzene may also be obtained (1) by distillation of a 
salt of an aromatic acid with soda-lime, a reduction 
which, it will be remembered, is analogous with that 
employed for the preparation of methane: 

CfiHsCOONa +NaOH ^NagCOa +C6H6. 

(2) By passing acetylene (C2H2) through a red-hot 
tube. This method illustrates how synthesis of aro- 
matic out of fatty hydrocarbons can be accom- 
pUshed. 

(3) By heating potassium in a current of CO. A syn- 
thesis occurs resulting in the formation of C6(OK)6, 
potassium carbonyl. This is a derivative of benzene 
and can be converted into benzene by distillation with 
zinc dust in the presence of water. 

Benzene is a colourless liquid of aromatic odour, 

boihng at 80.3° (corrected) (at 79° at 742 mm.). Its 

melting-point is 4.96°, Its specific gravity is 0.8736 at 

20° 

--5-. Benzene is inflanmiable and immiscible with 

water. It can be used for molecular weight determina- 
tions (see p. 46). 

Experiments. (1) Fractionally distil some light oil 
(see p. 13). At the first distilhng collect as the first 
fraction all that comes over below 100°, for the second 
fraction that distilling between 100° and 115°, and for 
the third the balance of the distillate up to 140°. Treat 
the first fraction (containing water, ammonia, and thio- 
phene as impurities) as follows -.Filter it into a dry sepa- 
rating funnel ; shake successively with several portions of 
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10 c.c. each of C.P. H2SO4 until the acid no longer be- 
comes strongly coloured. Put the oily Uquid into a flask 
and shake with finely broken sohd NaOH. Filter into a 
fractionating flask or a flask to which is then attached a 
Hempers column (see diagram, p. 14) ; redistil carefully, 
keeping the temperature below 82° as long as any dis- 
tillate comes over. Notice the benzene odour of this 
distillate. Continue the fractional distillation with the 
other distillates in the usual manner, collecting fractions 
for each 10°. If time permits, refractionate these, and 
try to determine by odour the presence of toluene and 
xylene. 

(2) Mix thoroughly 25 gm. of benzoic acid and 50 gm. 
of powdered quicklime, and put into a dry retort. Con- 
nect with a condenser and heat gradually. Treat the 
distillate with dry calcium chloride and redistil from a 
small fractionating flask (an air-condenser will do). 
Note the boihng-point. Put the distillate into a dry 
test-tube and cool in a freezing-mixture imtil crystal- 
lization occurs. Remove from the mixtm-e and warm 
the test-tube with the fingers while stirring the crystals 
with a thermometer. At what poiot does the tempera- 
ture remain while the crystals are melting? 

(3) Determine the specific gravity of some pure ben- 
zene at 15° with the Westphal balance. 

(4) Shake a few cubic centimetres of benzene with 
Von Baeyer's reagent. Does it act like an imsaturated 
compound? 

Structiire of Benzene. From its empirical formula, 
CeHe, one would expect to find benzene giving reactions 
like those of acetylene or other unsaturated hydrocar- 
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bons,^ that is to say, reactions indicating the existence 
of double bonds between the carbon atoms. Such, how- 
ever, is not the case. Benzene does not readily combine 
with halogens, i.e., form addition products ; it is not sensi- 
tive toward oxidizing agents; it does not decolorize a 
solution of potassium permanganate containing sodium 
carbonate. Unsatiu^ted compounds readily give all 
these reactions. It is evident, therefore, that the for- 
mula for benzene cannot be represented as containing 
double bonds between the carbon atoms. Further, the 
formula must -represent all the hydrogen atoms as simi- 
larly combined with the carbon atoms, for there are 
no isomers of the monosvbstxtution products of benzene: 
there is only one monobrombenzene, one monochlorben- 
zene, etc. This importa nt fact can be shown in a variety 
of ways. Perhaps the simplest is as follows : If we treat 
benzene with bromine one of the six halogen atoms is re- 
placed by bromine. Numbering the hydrogen * atoms 

12 3 4 5 6 1 

thus: HHHHHH, let us suppose that H is re- 
placed. Our problem is to see whether the monobromben- 
zene thus formed is identical with that formed by replace- 

2 3 

ment of H, H, etc. To do this we must replace another 

1 2 3 4 5 6 

H in the compound Ce Br H H H H H by some group 
which can then be substituted by Br, the Br originally 
present being meanwhile replaced by H. This can be 
accomplished by treating monobrombenzene with nitric 
acid, the resulting compound having the formula 
C6H4BrN02. For the sake of argument, let us sup- 

» Cf. dipropargyl, CeHe, CH^C— CH,— €H,— CeeCH. 
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2 

pose that H is replaced by the NO2 group, thus: 

Ce Br NO2 H H H H. By. the action of nascent H the 
NO2 group becomes an amido group, NH2 (seep. 283), 
and the Br is replaced by H. The formula for our sub- 

1 2 3 4 5 6 

stance is then Ce H (NH2) H H H H. By treating this 

with nitrous acid the diazonium salt is formed, which 

by treatment with hydrobromic acid (see p. 289) yields 

a monobrombenzene in which the Br atom stands in 

2 
place of H, and yet this is found to be identical in 

properties with that monobrombenzene in which Br 

1 
was in place of H. By similar reactions the various 

H atoms may be replaced one by one, the resulting 
monosubstitution product being always the same. 

This fact makes it evident that we cannot represent 
the C atoms as linked together in an open chain, for then 
there would necessarily be two or three varieties of 
monosubstitution products, depending upon the particu- 
lar C atom in the chain to which the substituting group 
is linked (cf. alcohols, p. 68). On this account Kekul6, 
who had been a mechanical engineer before he became 
a chemist, conceived the notion that the C atoms must 
be represented as forming a ring, and that the formula 
for benzene must be 

CH 
HC/ \CH 




CH 
CH 
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or, as it is more usually written, 

CH 
HC/XCH 



HC\/CH 
^ CH 

To satisfy the quadrivalence of the C atom, it is necessary, 
as shown in the second formula, to assume that certain of 
these bonds are double. We have„ however, seen that 
when double bonds between carbon atoms exist, the 
resultmg body is unsaturated. To explain this apparent 
inconsistency, Kekul6 supposes that in benzene there are 
really no double bonds in the same sense as they exist 
in unsaturated hydrocarbons, but that the double bond 
is dynamic, changing about from place to place, and 
is really unrepresentable in a formula.^ 

In perfect harmony with this conception of a ring is 
the fact that there are three kinds of disvbstitution 
prodiLcts, That three and only three are possible wiU 
be evident from the following formulae, where x repre- 
sents some substituting group : 



* The centric formula 






has been proposed to indi- 



cate pictorially this self-saturation of the carbon atoms of 
the ring without definite extra linkings. This formula also 
has the advantage of emphasizing the distinguishing difference 
of all aromatic from other organic compounds. 
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\/' 






A (ortho) 










BCmeta) 





/\ /\,,^ 



\/ "^x/ K/" 



C(para) 

The substituting groups may replace neighboring hy- 
drogens, as in the formulse marked A; or be so arranged 
that a carbon of the ring intervenes, as in B; or with 
two such atoms intervening, as in C. Bodies exhibiting 
the first arrangement are called ortho, the second Tn^to, 
and the third j>ara} For certain of the simple disub- 
stitution products of benzene it has been definitely 
established which is ortho, which meta, and which para. 
To ascertain to which of these groups an unknown 
substance belongs it is necessary to transform it into 
one of the known simpler forms, it being considered that 
the unknown substance contains the same arrangement 
of its side chains as does the simpler substance which it 
yields. It remains for us to see, therefore, how it is 
possible to tell to what class some simple disubstitution 
product of benzene belongs. This is done by a study 



' The abbreviations o, m, and p are used for these terms. 
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of the number of isomeric compounds which can be pro- 
duced by substituting still another hydrogen atom of the 
ring. Suppose y represent this third substituting group. 
In an ortho compound we might have y attached next to x, 



/\. „/\ 



y 



X 



y 



X 



or one carbon atom removed from it, 



that is to say, there might be two 



y 

trisubstitution products which on removal of y would 
yield the same disubstitution product. In a meta 
compound y might occupy three positions which would 
be different; thus, between the two x's as in A, or 
beyond but next to them as in B, or separated 
from them by carbon atoms of the ring as in C, thus: 



X 


y 


X 


y 


X 


X 


\/ 


X 


\y 


X 


k/^ y 


\/ 


A 


' B 


C 



That is to say, there are three trisubstitution products 
which yield the same disubstitution product. In a para 
compound y could occupy only one position, i.e., next 
to an x; therefore there is only one trisubstitu- 
tion product that could be converted into it, thus: 
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To take an example: There are six diamino- 



X 

/NH2 

benzoic acids with the formula C6H3^NH2 . 

\COOH 

By removal of the carboxyl group three of these yield 
diaminobenzenes which are identical in properties (melt- 
ing-point 63°), and which must therefore be meta; 
two others yield another variety of diaminobenzene 
(melting-point 102°) which must be ortho; and the 
remaining one'yields yet another diaminobenzene (melt- 
ing-point 140°) and which is para. 

For convenience of description it is customary to 
number the carbon atoms in the benzene ring thus: 



HOMOLOGUES OF BENZENE. 

The chief homologues of benzene are toluene, 
C6H5CH3, the xylenes, C6H4(CH3)2, mesitylene, 
C6H3(CH3)3, and durene, C6H2(CH3)4. 

Toluene (toluol), C6H5-CH3, boiling-point 111° 

20° 
specific gravity 0.8656 at --5-, can be separated from 

light oil or can be prepared synthetically by treating a 
. mixture of monobrombenzene and methyl iodide with 
sodium (c/. synthesis of paraflans, p. 76) : 
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CeHfiBr +CH3I +2Na =NaI +NaBr +C6H5CH3. 

This reaction clearly illustrates its structure as methyl 
benzene. By oxidation the CH3 group becomes car- 
boxyl, benzoic acid, CeHsCOOH, being therefore formed. 
Xylenes, C6H4(CH3)2. Being disubstitution products 
of benzene, there are three of these. The boiling-point 
of ortho is 141.9°, meta 139.2°, para 138°; the specific 

20° 
gravity at ^ of ortho is 0.8766, meta 0.8655, para 

0.8635. The xylenes can be prepared from light oil. By 

/CH3 r 
oxidation they give first toluic acids, C6H4<Q ^ m, 

X300H [ p 
yCOOH f 
and then phthalic acids, C6H4<^ ] m . The xylol, 

X^OOH [ p 

which is extensively used in histological work and as a 
fat-solvent, is a mixture of the xylenes. 

Isomeric with the xylenes is ethyl benzene, CeHs -02115, 
which on oxidation yields benzoic acid, CeHsCOOH, 
instead of toluic or phthalic acid. 

Mesitylene, C6H3(CH3)3, boiUng-point 164.5°, specific 

9 8°. 
gravity 0.8694 at --^q-, is also contained in light oil, 

and can Ukewise be obtained by a most interesting and 
important synthesis, viz., by distilUng a mixture of 
acetone and sulphuric acid (see exp. below). Three 
acetone molecules no doubt enter into the synthesis, 
the sulphuric acid removing a molecule of water from 
each and causing them to condense together into a ring 
as represented in the following formula. 
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Mild oxidation of mesitylene yields mesitylenic add^ 
/CH3 
CeHs^-CHs , and if this be heated with soda-lime and 

\COOH 
the COOH group be thus removed (see p. 243), meta- 
xylene is obtained, furnishing corroborative proof that 

CH3 



metaxylene has the formula 



;-CH3 



Experiment. Preparation of a benzene hydrocarbon 
(mesitylene) from a fatty compound (acetone). Into a 
500 c.c. flask put 100 gm. of clean sand, 50 c.c. of 
acetone, and a cooled mixture of 65 c.c. of C.P. H2SO4 
and 30 c.c. of water. Mix thoroughly and allow to 
stand for at least two days. Distil, using an oil-bath. 
Shake the distillate with dilute alkali, then with water. 
Separate the oily layer, dry it with calcium chloride, 
and distil. Collect the fraction coming over above 
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150° Notice the aromatic odour. Test it for Friedel 
and Crafts^ reaction as follows* Place a few small 
crystals of anhydrous aluminium chloride in a dry 
test-tube; heat gradually until a thin coating of sub- 
limate is secured in the upper part of the tube. When 
cool add a solution of a few drops of the mesitylene in 
about 2 c.c. of chloroform. Most aromatic hydrocar- 
bons and some of their derivatives give a colour 
reaction under the conditions of this test. 

Durene is of no importance. 

Cymene is paramethylisopropyl benzene, 

<CH3 
yCHg. 
CH< 

It can be obtained by warming camphor, CioHigO, 
with phosphorus pentoxide, or by treating pinene, 
CioHie (from turpentine), with chlorine. It is a con- 
stituent of certain ethereal oils, as oil of eucalyptus 
and oil of ifiyme. 



CHAPTER XXIV. 

AROMATIC HALOGEN DERIVATIVES.* 

Of Benzene. As already explained, there is only one 
kind of monohalogen substitution product of benzene. 
Chhr- and brombenzene can be prepared by treating 
benzene with chlorine or bromine. lodobenzene is 
prepared with greater difficulty, it being necessary 
to have an oxidizing agent present (I2 or Fe2Cl6). By 
prolonged action more than one hydrogen atom of 
the benzene molecule becomes replaced by the halogen, 
and of course there are 0-, m-, and p-disubstitution 
products; indeed, all the H atoms may be replaced, 
hexachlor- (or brom-) benzene being formed, CeCle (or 
CeBre). If the reaction takes place in direct sunlight, 
addition products, instead of substitution products, are 
obtained, such as CeHeCle and CeHeBre. These readily 
decompose into the halogen acid and trisubstitution 
products of benzene: 

CeHeCle =3HC1 +C6H3CI3. . 



^ It will be advisable for the student to look over the sjniop- 
sis of aromatic compounds (p. 326) frequently in studjdng the 
following pages. 

254 



AROMATIC HALOGEN DERIVATIVES 255 

In contrast' to the halogen derivatives of the paraffins, 
the halogen substitution products of benzene are very 
stable and do not readily give up their halogen atoms 
to be replaced by hydroxyl, a cyanide group, an amido 
group, etc., as alkyl halides do. 

Of Toluene. There are four bodies with the empirical 
formula C7H7CI. One of these, called benzyl chloridey 
has a very disagreeable odour and readily yields up its 
CI atom when heated with hydroxides, cyanides, etc. 
It behaves in this respect like a fatty derivative. These 
facts suggest that the CI atom is in the side chain, 
thus C6H5CH2CI. That this is really so is proven by 
the fact that when oxidized it yields benzoic acid, 
CeHsCOOH. It is formed when toluene is treated at 
boiling temperature or in direct sunlight with the 
halogen. 

The other three bodies are called chlortolvenes and have 
agreeable aromatic odours. They do not give up their 
CI atom when heated with hydroxides, etc. They 
behave in this respect like chlorbenzene, so that the 
CI atom must be present in direct connection with the 

benzene nucleus itself, thus: C6H4<^p, ^. The three 

varieties are ortho, meta, and para. When oxidized 
the CI atom is not removed, but the CH3 side chain 
becomes converted into COOH, a substituted benisoic 
'icid being thus formed, i.e., a chlorbenzoic acid. 
They are prepared by treating toluene in the cold, and 
in diffused light, with chlorine, the reaction being 
j^reatly accelerated by the presence of antimony tri- 
chloride or some other halogen-carrier. 
In the same way with the di- and trihalogen substi- 
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tution products of toluene, substitution may occur 
either in the phenyl ^ or methyl groups. The other 
substitution products of toluene exhibit a similar 
isomerism. 

* Phenyl is the name given to the radicle CJl^. 



CHAPTER XXV. 
AROMATIC HYDROXY COMPOUNDS. 

One or more of the H atoms of benzene may be dis- 
placed by a hydroxyl group — OH, the resulting body 
being called a phenol. In contrast to the feebly basic 
properties of the hydroxyl derivatives of the paraffins, 
viz., the alcohols, the phenols manifest faintly acid 
properties, so that some of them are called acids; thus, 
monohydroxybenzene is carbolic acid, and trihydroxy- 
benzene, pyrogallic acid. Their acidity indicates that 
in solution a few H' ions are Uberated. When brought 
into contact with alkaUne hydroxides, salts, called 
phenolates or phenoxides, are formed, e.g., CeHsONa, 
sodium phenolate. Such phenolates can be obtained 
by dissolving the phenol in a solution of the hydroxide 
and evaporating to dryness. They are, therefore, 
stable in the presence of water and thus dififer from 
the alcoholates, which are decomposed by water and 
can be formed only by acting on alcohol with the 
alkali metals. By union with phenyl, therefore, the 
hydroxyl group — OH comes to possess quite different 
properties than when it is combined with a paraffin 
(see p. 93). 

On the other hand, even such weak acids as carbonic 
(H2CO3 or CO2+H2O) are more strongly acid than 

257 



I :f ^C— OH 

(c/. tertiary alcohol group — C — OH with 
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phenol and can decompose phenolates, liberating the 
phenol. The percentage dissociation for a decinormal 
solution of phenol is only 0.0037, that of carbonic acid 
being 0.174. 
In other respects phenols behave like tertiary alcohols 



of 



phenol), thus: they form ethers and ethereal salts, 
but do not yield aldehydes, ketones, or acids on oxida- 
tion (see p. 71). The OH group can be removed by 
treatment with PCI5. Using the same classification as 
for alcohols, we may, therefore, subdivide them into 
mon-, di-, and triacid phenols. 

MONACID PHENOLS. 

Phenol (carbolic acid), CeHsOH. This important 
substance is extracted from the carboUc oil fraction 
of coal-tar by shaking with a solution of alkali, the 
carbolic acid in the resulting solution being then pre- 
cipitated by sulphuric acid and redistilled (see exp. 
below). It may also be prepared by fusing potassium 
benzene sulphonate with caustic potash: 

C6H5SO3K +KOH =C6H50H +K2SO3, 

( Potassium benzene sulphonate) 

or by boiling a diazonium salt with water (see p. 288) : 
C6H5N2 • NO3 +H2O =C6H50H +HNO3 +N2. 

(Benxene diazonium m'trate) 

Experiments. (1) Extract phenol from heavy oil 
(carbohc oil) in the following manner: Shake about 
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20 c.c. of the oil with an equal quantity of 10% NaOH 
solution. Filter the aqueous layer, acidulate the 
filtrate, cool, and shake with 10 c.c. of ether. Remove 
the ether with a pipette and evaporate in a porcelain 
dish on a steam bath or a hot water bath away from a 
flame, and preferably in a fimie chamber. Test the 
residue for phenol (see tests below). 

(2) Prepare phenol from aniline. Into ^ freshly 
made (hot) solution of 12 c.c. of C.P. H2SO4 in 50 c.c. 
of water put 10 c.c. of aniline, allowing it to flow down 
the wall of the beaker. Mix well and dilute with 
100 c.c. of water. Cool with running water, then add 
sodium nitrite solution (8.5 gm. in 40 c.c. of water) 
until a drop of the mixture well diluted gives a blue 
colour to starch-potassium-iodide paper (soak filter- 
paper in boiled starch solution containing potassiimi 
iodide, dry it, and cut up into strips), showing the 
presence of free nitrous acid. This procedure is called 
diazohzing, because the nitrous acid changes the aniline 
salt into a diazonium salt. Transfer to a half-litre flask, 
heat to 40°-50° in a water bath for half an hour, then 
distil with steam (see p. 15). The phenol passes over 
into the condenser with the steam. Saturate the 
distillate with sodium chloride and shake with several 
small portions of ether. Dry the separated ethereal 
extract over dehydrated sodiimi sulphate for several 
days in a corked flask. Distil off the ether (away from 
a flame if possible, a steam-bath is safest) ; finally draw 
a stream of air through the hot flask with a suction- 
pump. Distil the phenol, using an air-condenser. 
Cool the distillate with ice-water; if crystals form, 
decant the liquid part and test it as below. 
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CeHfiNHz+HzSO* =C6H5NH2H2S04, 

(Aniline) (Aniline sulphate) 

CeHs+NHz • H2S04HN02=C6H5 • N^N • aSOsH +2H2O, 

(Benzene diaxonium 
sulphate; 

C6H5N=N0S03H+H20=C6H50H+N2+H2S04. 

(Phenol) 

(3) Tests, (a) To half a test-tube of phenol solution 
add bromine water until a white precipitate of trir 
bromphenol forms. (6) Test some solution with a 
drop of ferric chloride solution — a violet colour, (c) 
To a few cubic centimetres of solution add Millon's 
reagent and boil — & red colour or precipitate, (d) To 
10 c.c. of phenol solution add a few cubic centimetres of 
ammonia, then small portions of bleaching-powder, 
shaking after each addition, until a blue colour is 
obtained. 

Phenol, when pure, forms colourless rhombic needles 
melting at 39.6° and boiling at 182.9°. Its specific 
gravity is' 1.039 at 58.5°. It becomes reddish on 
exposure to light. It dissolves in 20 parts of water 
at 17°; in other words, by shaking phenol crystals with 
water and allowing them to stand at room temperature 
an approximately 5% solution is obtained, and the 
crystals, by taking up water, will liquefy and form an 
oily layer at the bottom of the bottle. It mixes with 
alcohol and ether in all proportions. Phenol is exten- 
sively used in surgery as an antiseptic. It is produced 
in the intestine by the action of microorganisms on the 
aromatic groups in proteid; the phenol thus produced 
is absorbed into the blood and unites with potassium 
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sulphate, to be excreted into the urine as potassium 
phenol sulphate. Phenol uncombined with alkali is 
poisonous. It is often taken with suicidal intent. 

The derivatives of phenol are (1) the ethers and 
ethereal salts and (2) the substitution products. 

The ethers are of two classes: (a) the aromatic- 
fatty ethers, such as true aromatic phenyl ethyl ether, 
C6H5OC2H5, and (6) the ethers, such as phenyl ether, 
CeHs-O-OeHs. The aromatic-fatty ethers may be 
obtained by allowing an alkyl halide to act on a 
phenolate* 



CeHsOiNa +IJC2H6 =Ce>H5 O CaHs +NaI. 



„ti 



The chief members of this class are anisole (phenyl 
methyl ether) and phenetole (phenyl ethyl ether). They 
are both liquids having pleasant odours. The true 
aromatic ethers cannot be prepared by this reaction, 
since a halogen cannot easily be displaced from phenyl. 
They may, however, be obtained by heating phenol 
witha dehydrating agent such as aluminium chloride : 



C6H50|H + H()jC6H5 = C6H50.C6H5 + H20. 

The ethereal salts. Phenyl acetate, CeHgOOCCHa, 
is a type of these and is prepared by the action of 
acetyl chloride on phenol: 



CeHsOjH +CliOCCH3 =C6H5 OOCCHa +HC1. 

The substitution products of phenol. In these one or 
more hydrogens of phenyl (CeHs) are replaced by some 
radicle but the hydroxyl group remains intact. They 
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form a large class, but only a few of the compounds will 
be discussed here, the most important of the others 
being considered later. 

Tribromphenol, C6H2Br30H, is precipitated by treat- 
ing phenol with bromine water (see exp. above). 

Mononitrophenol, C6H4(N02)OH, may be ortho or 
para and is prepared by the action of dilute nitric acid 
on phenol. 

Trinitrophenol, C6H2(N02)30H, or picric acid, is pre- 
pared by allowing strong nitric acid to act on phenol 
(see exp. below). It forms yellow prismatic crystals, 
has a bitter taste, and is very poisonous. In watery 
solution it stains silk and wool yellow and is used in 
histology for staining elastic fibres and also zymogen 
granules in gland cells. Like nitroglycerol, it is an 
explosive, and its potassium and ammonium salts are 
extensively employed for this piu*pose. The substitu- 
tion of three H atoms by the negative NO2 groups in 
picric acid evidently increases its acidity, i.e., its 
dissociability into H* ions (kations) and anions of the 
rest of the molecule (see exp. below). 

Experiments. (1) Prepare picric acid. Put 10 gm. 
of C.P. HNO3 into a flask, add slowly 10 gm. of phenol. 
When the action has subsided 'add 30 gm. of fuming 
nitric acid and boil until the liquid becomes yellow. 
Cool, dilute the crystalline mass with .water, and filter 
with suction. Wash the crystals with water, and 
recrystallize from a considerable quantity of hot water 
which has been acidulated with 6 drops of H2SO4: 

CeHsOH +3HONO2 =C6H2(N02)3(OH) +3H2O. 
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(2) Warm gently a little picric acid with 6 c.c. of 
petroleum ether in a test-tube ; a colourless solution is 
secured (no ionization). I'low add water and shake; the 
water becomes yellow from the picric acid dissolved in 
it (ionization). 

(3) Immerse pieces of woolen, silk, and cotton cloth in 
picric acid solution for fifteen minutes. Wash them 
thoroughly with running water. Whicl\ are dyed? 

Aminophenols (seep. 236). 
Phenolsulphonic acids (see p. 296). 

Cresols (hydroxytoluenes), ^fi^^sn^i- I^ accord- 
ance with the theory it is possible, by starting from the 
corresponding toluene-sulphonic acids or toluidines, to 
obtain three cresols, viz., ortho, meta, and para. They 
are contained, along with guaiacol, in creosote, a 
product of wood-tar, and sometimes used as an anti- 
septic. It is very difficult to separate the individual 
cresols from creosote. . Cresol is also produced in the 
intestine by the action of microorganisms on proteid. 
Creosotal is the carbonate of creosote. Lysol is a 
mixture of cresols with soap, and is said to be as 
strongly germicical but less irritating than phenol. 
Creolin forms with water rji emulsion of cresols. These 
substances possess antiseptic properties and are less 
poisonous than phenol, ^fhey are extensively used for 
disinfecting purposes. 

Thymol and carvacrol are isopropyl cresols. That 
this is so is shown by Ih j fact that they can both be 
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<CH3 
yCHa (by removal 

of OH). They also give the reactions of phenols and 
might therefore be considered as hydroxycymenes. 
Thymol is isopropylmetacresol, 



CHo 



AjRz HC 

CaHaf-OH (m) or 

\C3H7 (p) HC 



\ 



CH 






and carvacrol is isopropylorthocresol, 

CH3 



/CH3 HC 

CeHafOH (0) or 

\C3H7 (p) HCl 






COH 
CH 



Thymol is contained in oil of thyme and is an antisep- 
tic. It is crystalline and can be used for preserving 
urine. It is less poisonous than phenol. Melting- 
point 49.4° (corrected). Carvacrol is contained in 
oil of caraway. 

Aristol is dithymol di-iodide. It is an antiseptic 
powder. 
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DIACID PHENOLS. 

These are ortho, meta, and para. They all have 
more or less marked reducing properties, and on this 
account some of them (especially hydroquinol) are 
used as developers in photography. With ferric 
chloride they all give colour reactions by becoming 
partially oxidized. 

Orthodihydrozybenzene, pyrocatechol (1, 2-phendiol, 

OH 



A 



H-C,,^|C-OH 
vyrocatechin, catechol), , can be 

I 
H 

made by fusing orthophenol-sulphonic acid with 
caustic potash. It is soluble in water. By introduc- 
ing a methyl radicle in place of a hydrogen atom of a 
hydroxyl group guaiacol (monomethyl ether of pyro- 
catechol, C!6H4<^^TT ^) is obtained. This latter can 

also be separated from beech-wood tar by distillation 
and crystallization, and is sometimes used, particularly 
as one of its compounds, in the treatment of phthisis. 
Guaiacol benzoate or benzosol and guaiacol carbonate, 
(C6H4-OCH3 0)2C0, have also been much used as 
remedies for tuberculosis. 
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Hetadihydrozybenzene, resorcinol (1, 3-phendiol, 
OH 



H— C,|r^|C— H 
resorcin), , is made by fusing meta- 

H— CIJ^J.'C— OH 

C 



i 



benzene-disulphonic acid with caustic potash. Soluble 
in water, its solutions have a sweetish taste. When 
heated with phthalic acid it forms fluorescein (see exp., 
p. 280), and with sodium nitrite a blue pigment, lac- 
moidj solutions of which turn red with acids. 
Paradihydrozybenzene, hydroquinol (hydroquinone 

OH 

A 

H-cAlC— H 
quinol, 1. 4-phendiol), , is extensively 

H— C'^il'c— H 




used in photography. 






H3 1 



Dihydroz3rtoluene, orcinol (orcin), CeHa—OH 3, is 

\0H 5 

prepared by fusing 1, 3, 5-chlortoluene-sulphonic acid 
with caustic potash. By treatment with ammonia 
it absorbs oxygen from the air and is converted into 
orceiny C28H24N2O7, which dissolves in alkalies to form 
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a dark-red dye. Orcein is used in histology. It is 
contained in the natural dye archil, which is prepared, 
like litmus, by exposing powdered lichens suspended 
in ammoniacal solution to the action of the air. 



TRIACID PHENOLS, 

Pyrogallol (pyrogaUic acid, 1, 2, 3-phentriol) is 1, 2, 
3-trihydroxy benzene, C6H3(OH)3, and is prepared by 
the dry distillation of gallic acid (see exp. below) : 



CeH 



rr^H^ yOH (l) 

COOH =C6H3eOH(2)+COa 



\0H (3) 

(Gallic acid) (Pyrogallol) 

It forms fine needle-shaped crystals and is easily 
soluble in water. The solution when made alkaline 
greedily absorbs oxygen from the air, so that it is used 
for this purpose in gas analysis (see exp. below). Car- 
bonates and acetates along with some carbon monoxide, 
gas are produced by the oxidation. It is also exten- 
sively employed as a developer in photography. 

Phloroglucinol (phloroglucin, 1, 3, 5-phentriol), 
C6H3(OH)3, is 1, 3, 5-trihydroxybenzene, and is ob- 
tained by the action of caustic potash on yhloretin^ 
which is split off from the glucoside phloridzin (see 
p.^ 228) by boiling the latter with acids. 

Phloroglucinol is also employed along with vanillin 
in alcoholic solution as an indicator {Gunzberg^s 
reagent) for free mineral acid. On evaporating a drop 
of ^this reagent mixed with the acid solution to dryness 
it gives a deep-red stain if mineral acid is present. 
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Experiments. (1) Carefully heat 5 gm. of dry 
gallic acid in a retort; carbon dioxide is evolved and 
pyrogallol sublimes. Test some of the latter with 
dilute ferric chloride solution; an intense blue-black 
colour is obtained. 

(2) Put 1 gm. of pyrogallol into a dropping funnel, 
add 10 c.c. of strong NaOH solution, cork tightly, and 
shake vigorously for a few minutes. Immerse the 
stem of the funnel in a cylinder of water, open the 
cock, whereupon the water rises to take the place of 
the oxygen that has been absorbed. 

(3) Test solutions of resorcinol and pyrocatechol 
with ferric chloride; colour reactions are obtaijied. 

HEXACID PHENOL DERIVATIVE. 

Inosite, C6H12O6, is, according to its empirical 
formula, isomeric with the hexose sugars. Its chemical 
structure is, however, entirely different, for it is a 
benzene derivative having a hydrogen atom and a 
hydroxyl group attached to each carbon atom of the 
ring, C6H6(OH)6, (hexahydroxybenzene). It is quite 
possible that this is a derivative of cyclohexane (see 
p. 235). It occurs in animal tissue, especially in 
muscle. 

AROMATIC ALCOHOLS (AND ALDEHYDES). 

Besides the above, we may also have hydroxy deriva- 
tives of benzene where the hydroxyl group, instead of 
replacing one of the hydrogens of the benzene nucleus, 
is connected with a side chain. The best example is 
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benzyl alcohol, CeHs 0112011, which is phenyl carbinoL 
In their reactions such alcohols differ entirely from 
phenols and indeed possess all the properties of fatty 
primary alcohols. Thus, benzyl alcohol can be pre- 
pared by boiUng benzyl chloride for some time (fr-8 
hours) with water (c/. synthesis of methyl alcohol, 
p. 93): 

CeHsCHolClTHjOH ^CeHs-CHaOH +HC1. 

(Benzyl chloride) 

The CI group, being in this case connected with a side 
chain and not with the benzene nucleus, is easily 
replaceable by OH. Benzyl alcohol may also be made 
by treating benzoic aldehyde (oil of bitter almonds) 
with nascent hydrogen: 



CeHsCHO +2H =C6H5CH20H. 

(Benzoic aldehyde) 



The reactions of this alcohol agree with those of 
fatty alcohols: oxidation yields first an aldehyde 
(benzaldehyde) and then an acid (benzoic); ethers, 
such as benzyl methyl ether (C6H5 • CH2O • CH3), and ethe- 
real salts, such as benzyl acetate (C6H5CH2OOCCH3), 
are easily obtained. There are also substitution 
products (which, however, are not obtained by direct 
treatment) where one or more of the H atoms of the 
nucleus are replaced, e.g., chlorbenzyl alcohol, 
C6H4CI.CH2OH. 

Benzyl alcohol, however, differs in many respects 
from aUphatic alcohols: for instance, it does not form 



270 ORGANIC CHEMISTRY. 

an ester with sulphuric acid. Its boiling-point is 
206.5°. 

The homologves of benzyl alcohol are of two kinds : 
(a) those in which the phenyl group remains unchanged, 
but the alcoholic side chain contains some higher fatty 
radicle, and (6) those in which the alcoholic side chain 
remains unchanged (i.e., remains as carbinol), but one 
or more of the H atoms of the benzene nucleus become 

replaced by radicles, as in tolyl carbinol, C6H4<^tt^qtt 

These alcohols, since they contain the primary 
alcohol group, can be oxidized to aldehydes and acids. 

Benzoic aldehyde (benzaldehyde, oil of bitter almonds), 
CeHs'CHO, is an important substance, being very 
reactive and therefore much employed for organic 
synthesis. Besides being produced by oxidation of 
benzyl alcohol, it can be obtained by the action of a 
hydrolyzing ferment — emulsin — on amygdaUn, a glu- 
coside contained in bitter almonds, the stone of the 
peach, etc. (see p. 228)" The emulsin is usually present 
along with the amygdalin. Hydrocyanic acid is also 
produced during the reaction: 

C20H27NO11 +2H2O =C6H5CHO +HCN +2C6H12O6. 

(Amygdalin) (Benzaldehyde) (Dextrose) 

It can also be prepared by distilling a mixture of a 
benzoate and a formate, and by heating benzal chlo- 
ride, C6H6CHCI2, with water and milk of Ume under pres- 

OiHj = CeHs-CHO +2HC!1 +H2O. 
jOHj 
It is an oil of a pleasant odour, boiling at 180° and 



sure: CeHsC^jCl+H 
NcTTS 
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having a specific gravity of 1.0504 at 16°. Although 
relatively insoluble in water, it is used as a flavouring 
agent. It is not poisonous. Like other aldehydes, it 
forms addition produces with such substances as hydro- 
cyanic acid and acid sulphites. It also combines with 
alcohols, acids^ ketones, etc., and forms a hydrazone^ 
(see p. 291 ) with phenylhydrazine. By boihng a solution 
of benzyl aldehyde in dilute alcohol containing some 
potassium cyanide, two molecules of it condense, forming 
henzoiuj CeHsCHOHCOCeHs. In contact with air it 
readily oxidizes to benzoic acid, and with nascent hy- 
drogen it combines to form benzyl alcohol. Like other 
aldehydes, it is a reducing agent; thus, it reduces 
ammoniacal AgNOa forming a mirror. 

When benzaldehyde is treated with acetic anhydride, 
benzoyl acetyl peroxide is produced. This is called 
acetozone and is believed to have strong germicidal 
powers by virtue of being a peroxide.' It is used 
therapeutically for intestinal disorders. 

Any aromatic aldehyde when shaken with strong 
KOH and allowed to stand undergoes oxidation and 
reduction simultaneously, the product being equal 
quantities of alcohol (reduction) and acid (oxidation). 

Experiments. (1) To 5 c.c. of benzyl chloride (or 
benzoyl chloride) in a small flask add 60 c.c. of dilute 
lead nitrate solution. Attach to a reflux condenser 
and boil for ten minutes. Note the odour of benzalde- 
hyde. Filter while very hot, add to the filtrate a gram 

^ Only the compounds formed from sugars with phenylhy- 
drazine are called osazones (p. 216) ; those formed from other 
aldehydes or ketones are called hydrazones. 
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of Na2S04, then an equal volume of alcohol, cool and 
filter. Evaporate the filtrate almost to dryness on 
a water bath. Dissolve some of the moist yellowish 
residue in 2 c.c. of water in a test-tube, using heat. 
Pour this into some fuchsin aldehyde reagent (see p. 
107). The colour is intensified on heating, because 
benzaldehyde is soluble in hot water, but only slightly 
soluble in cold water. Save the balance of the residue 
to secure benzoic acid (p. 275), for the oxidizing action 
really goes farther than the following equation shows: 

2C6H5-CH2Cl+Pb(N03)2 = 

= 2C6H5 • CHO + PbCla + NO + NO2 + H2O. 

(2) To some solution of phenylhydrazine in dilute 
acetic acid add a few drops of benzaldehyde. Collect 
the precipitate and crystallize it from alcohol. The 
crystals of hydrazone melt at 152°. 



CHAPTER XXVI. 
' AROMATIC ACIDS. 
MONOBASIC ACIDS. 

Aromatic acids are in general analogous with those of 
the paraffins, being monobasic, dibasic, etc. The repre- 
sentative monobasic acid is benzoic, CeHs-COOH. This 
acid is of great commercial value and ^f much phj^io- 
logical interest, since, as will be explained later, it is 
the end product of the oxidation in the animal body of 
a large number of benzene derivatives having oxidizable 
side chains. 

It can be prepared by numerous reactions, the most 
important of which are as follows: 

1. By oxidation of any benzene derivative with a 
single fatty^side chain. If follows from this that if 
an aromatic substance yields benzoic acid on oxidation, 
it must contain only one side chain. When two side 
chains exist a dibasic acid (phthalic) is obtained. Thus 
the hydrocarbons of the benzene series, CeHsCHs, 
C6H5C2H5, C6H5C3H7, their monacid alcohols and alde- 
hydes, C6H5CH2OH, C0H5CH2CH2OH, C6H5CHO, etc., 
and their halogen derivatives where the halogen is 
situated in the side chain, all yield benzoic acid when 
oxidized. 

273 
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2. By hydrolysis of bcnzonitrile, CeHsCN (see p. 156). 
The reagent can be obtained by substituting the CN 
group for an H of benzene, either by distiUing potas- 
sium benzene sulphonate with potassium cyanide, 

C6H5SO3K +KCN =C6H6Cn +K2SO3, 

or by heating a diazonium salt with Cu2i[CN)2 (see 
p. 289). 

3. By treating benzoyl chloride (see p. 276) with water, 

CeHsCOjClTHJOH, 

4. Commercially, benzoic acid is obtained by treating 
boiling toluene with chlorine, whereby benzotrichloridey 
C6H5CCI3, is produced, which is then boiled with water 
(see exp. below) : 



CeHsC 



(Sj- 


Hi 


Cl+H 


CI 


H 



OH! 

OjHi =C6H6COOH +3HC1 +H2O. 

OH 



5. From gum benzoin by sublimation or treatment 
with alkalies. 

6. By heating hippuric acid (see p. 277) with hydro- 
chloric acid (hydrolysis) : 



CbHsC— NH CHaCOOH +H2O = 

(Hippuric acid) 

= CeHsCOOH +^H2^pqqtt. 

Benzoic acid forms needle-shaped crystals which melt 
at 121.3° (corrected) and readily sublime. Relatively 
insoluble in cold water, its solubility increases with rise 
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in temperature until, at 90° C, the water contains 11.2% 
of the acid, and the crystals that remain undissolved 
melt and form a layer beneath the water. On further 
raising the temperature the two layers gradually mix 
till, at 116°, a homogeneous liquid is obtained. It is 
soluble in alcohol and ether, and volatilizes with steam. 
Its salts and derivatives are very numerous, and are 
analogous with those of acetic acid. Most of them are 
soluble in water. 

Of the metallic salts those of sodium and ammonium 
are employed as medicines. 

The ethereal salts are prepared in the same way as are 
those of acetic acid (see exp. (1) (a)). 

Experiments. (1) Preparation of benzoic acid, (a) 
Extract benzoic acid from the residue saved from the 
benzaldehyde experiment (see p. 272). Dissolve the 
residue with boiling water, filter while hot, and cool the 
filtrate. Collect the crystals of benzoic acid on a filter, 
wash with cold water, press between filter-paper. Make 
the ethyl benzoate test for benzoic acid as follows: To 
some of the dried benzoic acid add 1 c.c. of alcohol and 
about 3 c.c. of concentrated H2SO4. Heat; just as it 
begins to boil, notice the peppermint-like odour of ethyl 
benzoate. 

(&) Put into a flask 5 c.c. of benzotrichloride, 100 c.c. 
of water, and small pieces of pumice. Attach to a 
reflux condenser and boil for two hours. Before cooling 
add 200 c.c. of hot water and filter at once. Cool, col- 
lect the crystals on a filter, recrystallize from hot water, 
and make the ethyl benzoate test on the dried crystals. 
Save a sample of benzoic acid. 
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(c) Heat together 1 c.c. of benzaldehyde and an oxcess 
of potassium permanganate solution until the odour of 
benzaldehyde is imperceptible. Add permanganate as 
required to maintain a pink colour. Decolorize with a 
few drops of alcohol. Cool, filter, and add HCl to the 
filtrate; benzoic acid crystallizes out : 

. C6H5CH0+0=C6H5C00H. 

(2) Sublime benzoic acid fron^ gum benzoin or from 
impure benzoic acid (see p. 12). 

Benzoyl chloridey the acid chloride of benzoic acid, 
CeHsCOCl, can be obtained by the action of chlorine on 
benzaldehyde, or by the action of PCI5 on benzoic acid : 
CgHsCOOH + PCI5 = C6H5COCI + POCI3 + HCl. It is 
more stable than acetyl chloride, not being decomposed 
by water in the cold. It resembles acetyl chloride, how- 
ever, in that it reacts with the hydroxyl group of alcohols 
to form esters of benzoic acid. The presence of caustic 
alkali greatly facilitates this reaction. It reacts thus 
with the hydroxyl groups in dextrose, the resulting ester 
being insoluble in water and in dilute alkali. 

Experiment, (a) Dissolve 1 c.c. of glycerol in 2 c.c. 
of water, add 4 c.c. of benzoyl chloride, and shake until 
the odour of the chloride has disappeared, in the mean- 
time adding NaOH solution to maintain a slightly alka- 
line reaction. Glyceryl tribenzoate separates out. (6) 
Repeat (a), using a strong dextrose solution instead of 
glycerol "olution. 

The substitution products of benzoic acid are numer- 
ous, for of each there may be an ortho, meta, and para 
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variety. They can be made by oxidizing the corre- 
sponding substituted toluenes, or by direct substitution 
of one or more of the hydrogens of the phenyl radicle in 
benzoic acid, by the same methods as are used for the 
substitution products of benzene. The chlorbenzoic 
acids, the nitrobenzoic acids, the aminobenzoic acids, 
and the sulphobenzoic acids are examples (see p. 306). 

An important compound of benzoic acid, from a bio- 
chemical standpoint, is hippuric acid. This is bdnzoyl- 
aminoacetic acid, CeHsCO • NH • CH2COOH. It is present 
in the urine of herbivorous animals, being produced in 
the kidney by a synthesis of glycin and benzoic acid. It 
also appears in human urine when benzoic acid is admin- 
istered, or when foods yielding it in the organism are 
ingested. It may be prepared in the laboratory by 
several methods: 

1. Heating glycocoU and benzoic acid to 160° in a 
closed tube. 

2. Shaking glycin dissolved in sodium hydroxide solu- 
tion with benzoyl chloride (see exp. below) : 



C6H5COJCI+ HjHNCHaCOOH = 

=C6H5CO NH .CH2COOH+HCI. 

3. Heating benzamide with chloracetic acid (benz- 
amide is analogous to acetamide, see p. 187) : 

CeHsCONHlHTCljCHaCOOH = 

=C6H5C0 NH •CH2COOH+ HCl. 

Hippuric acid is relatively insoluble in cold water, 
alcohol, and ether, and forms long rhombic crystals, 
having a melting-point of 190.3° (corrected). It is 
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readily decomposed by boiling with acids or alkalies, 
and also decomposes when urine containing it imder- 
goes fermentation. 

Experiments. (1) Synthesize hippuric acid. Shake 
together 1 c.c. of benzoyl chloride and a solution of 0.2 
gm. of glycocoU in 10 c.c. of 10% NaOH. Add a few 
cubic centimetres of ether to dissolve the excess of 
benzoyl chloride, and shake until the aqueous liquid is 
colourless. Remove the bottom layer with a pipette, 
warm in an evaporating dish until odourless, and filter. 
Acidulate the filtrate with HCl. Collect the hippuric 
acid on a filter, wash with a little water, press dry 
between filter-paper, and complete the drying with a 
little alcohol-ether mixture. Save a sample. Test part 
of it as follows (exp. 2). 

(2) (a) Test the solubility of hippuric acid in petro- 
leum ether (compare benzoic acid). (6) Heat a little 
dry hippuric acid in a test-tube; benzoic acid sublimes, 
while the residue becomes reddish. 

(3) Prepare hippuric acid from the urine of cows or 
horses, as follows: Evaporate the urine to one third its 
bulk. Add HCl; when cool, hippuric acid is deposited; 
filter, and recrystallize from dilute HNO3. Make the 
above tests (exp. 2). Boil the remainder with concen- 
trated HCl for fifteen minutes; on cooling, benzoic 
acid separates out. Test it for the latter (see p. 275). 

Corresponding to toluene there' are four monobasic 
toluic acids. Three of these (0-, m-, p-) have the 

formula C6H4<p^^TT and are made by oxidizing the 

corresponding xylenes with nitric acid. The fourth has 
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the formula C6H5CH2COOH and might be called phcnyl- 
acetic acid. It is obtained by treating benzyl chloride 
C6H5CH2CI, with potassium cyanide and hydrolyzing 
he resulting nitrile (CeHsCHgCN) : 

C6H5CH2CN +2H2O =C6H5CH2COOH +NH3. 

A homologue of this is. phenyl-propionic or hydro- 
cinnamic add, CeHgCHaCHaCOOH. 
Mesitylene yields only one acid, mesityleniCy 

yCHa 
CeHs^-CHs . This is of importance because it can 

\COOH 
be converted into metaxylene by distillation with Ume 
(cf . benzene, p. 244) : 

yCHa yCHa 

CeHsA^Ha +CaO=C6H4< +CaC03. 

\COOH XJHa (m) 

DIBASIC ACIDS, 

In agreement with theory, there are three of these. 
They are called phthalic acids. Orthophthalic acid is 
prepared by oxidizing naphthalene (see p. 319) with 
sulphuric acid, or by oxidizing o-toluic acid with potas- 
sium permanganate. When heated it decomposes into 
water and an anhydride, 

^«^^\COOH (o)^^«^^\CO^^+-^2°' 

which latter, when heated with phenols in the presence 
of H2SO4, yields phenolphthalein (see exp. 3), a body of 
complicated structure used extensively as an indicator 
in volumetric analysis, beiag red in alkaUne and colour- 
less in acid solution (see p. 309). 



280 ORGANIC CHEMISTRY. 

The meta- and paraphthalic acids do not form anhy- 
drides. Certain iodine derivatives of phenolphthalein, 
as nosophen, eiidoxine, and antinosine, are used as 
medicines. 

Experiments. (1) Heat some phthalic acid in a 
sublimation apparatus (see p. 12); the sublimate is 
phthalic anhydride. 

(2) To some phthalic anhydride add an equal quan- 
tity of resorcinol and 1 c.c. of concentrated H2SO4, 
then warm until deep red. Dilute with 100 c.c. of water 
and render alkaline with NaOH. The resulting solution 
of flvxyrescem is pinkish to transmitted light, but shows 
a marked greenish fluorescence to reflected hght : 

C6H4<^g>0 +2C6H4<(g^ ^Ceil/^^yO +2H2O. 

HOHaCe CeHaOH 

Y 

(Fluorescein) 

(3) Mix equal quantities of phthalic anhydride and 
phenol, add a little C.P. H2SO4, and warm until strongly 
coloured. Pour into a large quantity of water. This 
solution of phenolphthalein becomes red when it is 
made faintly alkaline: 

2C6H5OH + C6H4<^g>0 =C6H4< ^ r^(C6H40H)2 + 

(Phenolphthalein) 

+ H2O. 

There is a hexahasic acid, viz., mellitic, C6(C00H)6, 
which is found in nature in combination with aluminium 
as the mineral mellite. 



CHAPTER XXVII. 

AROMATIC NITROGEN AND SULPHUR DERIVATIVES. 

There is very little similarity between the nitrogen 
compounds of the aromatic bodies and those of the 
paraffins. The nitro compounds of the paraffins we 
have seen to be of little importance; those of the 
aromatic bodies, on the other hand, are of prime im- 
portance, because they are readily produced and are 
easily converted into other nitrogenous derivatives. 
On this account nitration forms the first step in many 
organic syntheses. 

NITRO COMPOUNDS. 
By shaking benzene in the cold with a mixture of 
pure nitric and sulphuric acids, mononitrobenzeney an 
oily liquid boiUng at 206^-207°, is obtained.^ The sul- 
phuric acid absorbs the water produced: CeHe+HNOa 
=C6H5N02 +H2O (Compare with nitrd compounds of 
paraffins, p. 162.) 

Experiment. To 80 c.c. H2SO4 in a flask add, 
while shaking, 70 c.c. of colourless HNO3. Cool thor- 
oughly. Add (a little at a time) 20 c.c. of benzene, 

Mononitrobenzene has the odour of bitter almonds and is 
known as essence of mirbane. It is poisonous. 

281 
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keeping the temperature of the mixture beldw 30^ and 
shaking frequently. Attach a vertical air-condenser 
tube; heat for an hour in a bath kept at 60°, shaking 
occasionally. Cool, pour into a separating funnel, draw 
off the bottom layer of acid, and wash the oil several 
times with water (the nitrobenzene becomes the bottom 
layer). Warm with dry calcium chloride in a flask on 
a water-bath until the liquid becomes clear. Distil in a 
fractionating flask, using an air-condenser, and observe 
the boiling-point. Note the odour of the distillate. 

If, on the other hand, the reaction be allowed to pro- 
ceed at boiling temperature and with fuming nitric acid 
the product is dinitrobenzene, a crystalline substance 
melting at 90° (corrected) : 

. C6H5NO2 +HNO3 =C6H4<(5Jg^ +H2O. 

Three varieties of this are possible (see p. 248). 

ExPERBiENT. _^ Prepare dinitrobenzene (meta) , Mix in a 
bor ker 25 c.c. of C.P. H2SO4 and 25 c.c. of fuming HNO3. 
I nmediately add very slowly 5 c.c. of benzene from a 
pipette. After the action subsides, boil for a while 
and then pour the mixture into 250 c.c. of cold water. 
Filter off the precipitate, press between filter-paper, 
and crystallize from alcohol. Make a melting-point 
determination with dried crystals. Save a sample of 
the crystals. 

Toluene and the xylenes react with nitric acid in the 
same manner. In fact, the more alkyl groups there are 
attached to the benzene nudcuFJ, the more easily can 



NITROGEN AND SULPHUR DERIVATIVES, 283 

nitro groups be introduced into it. The nitro com- 
pounds are very stable. 

AMINO COMPOUNDS. 

'iiie most important reaction of nitro compounds is 
\.i.h nascent hydrogen, whereby they become converted 
into amino compoimds, of which aniline (phenylamine) 
is the representative : 

CeHsNOa +6H =C6H5NH2 +2H2O. 

(Aniline) 

Commercially, aniline is produced by mixing nitroben- 
zene with iron filings and hydrochloric acid in an iron 
cylinder provided with a stirring apparatus, and, when 
the action is over, adding lime and distilling the aniline. 
It is a colourless liquid, boiling at 183.T^ (corrected); 
its specific gravity at 16° is 1.024. If not perfectly 
pure it becomes coloured on standing. It is soluble in 
about 30 parts of water, and one part of water is soluble 
in about 20 parts of aniline. It is readily soluble in 
alcohol. It gives several important colour reactions, 
H escribed in the experiments below. It may be con.- 
ddered as NH3 in which one H is displaced by CeHs. 
Like all such bodies (see p. 157), it directly combines 
with acids to form (aniline) salts, e.g., C6H6NH2-HC1; 
C5H6NH2HNO3; C6H5NH2H2SO4. The hydrochlo- 
ride is technically known as aniline salt In watery 
solution, however, aniline is not alkaline towards litmus 
and scarcely conducts an electrical current; in other 
words, it does not become ionized (see p. 51). It is, 
therefore, quite different in this respect from aliphatic 
amines, which with water form bases, some of which 
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are stronger even than ammonia (c/. p. 160). Phenyl 
(CeHs) diminishes the basic properties of the amino 
(NH2) group, whereas fatty residues increase the basic 
properties of NH2. 

Aniline can be liberated from the acid in its salts by 
distilling with caustic alkali: 

C6H5NH2 • HCl + KOH = C6H5NH2 + KCl + H2O. 
It can also be obtained by distilling indigo (hence its 
name, anil being the Spanish for indigo). It is an 
extremely important substance in organic synthesis. 

Experiments. (1) F'reparation of aniline. Put 
30 gm. of granulated tin and 20 c.c. of nitrobenzene 
into a large flask, add gradually (in portions of 5 c.c. 
each) 65 c.c. of C.P. HCl, and cool the flask whenever 
the action becomes very vigorous. When all the acid 
has been added, heat on a water bath for one hour, 
using a vertical air-condenser. Now dilute with 50 c.c. 
of water, add 50% NaOH until strongly alkaline and 
until the stannic oxide redissolves; cool the flask if 
the mixture boils. Distil with steam. When the dis- 
tillate comes clear, stop the process. Add to the distil- 
late 25 gm. NaCl for each 100 c.c. ; shake in a separating 
funnel with three portions of 10 c.c. of chloroform. Dry 
the filtered chloroform extract with anhydrous potas- 
sium carbonate. Next empty the liquid into a frac- 
tionating flask, distil off the chloroform, then distil the 
aniline, using an air-condenser. 

(2) Tests, (a) Dissolve a little KCIO3 in 0.5 c.c. 
H2SO4; add a few drops of aniline solution — a, blue- 
violet colour appears; dilute with water — the colour 
changes to red; then add ammonia, and the blue is 
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restored. (6) To a solution of aniline in H2SO4 add a 
few drops of potassium dichromate solution — a. blue 
colour appears, (c) To some aniline solution (in water) 
add a filtered solution of bleaching-powder — a purple 
coloiu* develops. 

Derivatives of Aniline. The homohgues include three 
toluidines, of which the ortho and para varieties are 
important, and six xylidines, this large number of 
isomers being due to differences in the relative posi- 
tions of the amido and methyl groups. When a mixture 
of aniline and the toluidines is treated with oxidizing 
agents a compound known as rosaniline is obtained. 
This is the mother substance of the aniline dyes. Ros- 
aniline is (NH2C6H4)2C(0H)C6H3<^g^ Fudmn is 
rosaniline hydrochloride. 

Experiment. Heat together in a test-tube 1 c.c. of 
aniline, 1 gm. of paratoluidine, and 0.5 gm. HgCU until 
dark red in colom'. Cool partly, dissolve in alcohol; a 
deep-red fuchsin oolom' appears. 

Replacement of one or more of the H atoms of the 
NH2 group in aniline can be effected in various ways. 

By reaction with alkyl halides secondary and tertiary 
mixed aromatic fatty amines are obtained. Thus with 
methyl iodide, methyl aniline and dimethyl aniline are 
produced : 

CftHsNHlH + IICH3 =C6H6NHCH3 • HI 
and CeHsNHCHs +ICH3 =C6H5N<^^g3 • HI. 

Some quaternary base is also formed by the reaction. 



286 ORGANIC CHEMISTRY. 

Dimethyl aniline is commercially the most important 
of these mixed amines and is prepared by heating aniCne 
hydrochloride with methyl alcohol, methyl chloride 
being first formed, which then reacts as above. 

Dimethyl aniline +chloranil (CeCl^Oa) gives methyl violety 
which is a mixture of two salts with the following formulsB: 



cfCi 



!«H,N(CH,), .CeH,N(CHa), 

f<Dja,N(CH,), and C^C„H,N(CH3), . 
\C.H,NCHJiCl |^CaH,N(CH3)2Cl 



Methyl violet is also called pyoktanin. Methylene blue (methyl* 
thionin hydrochloride) has the formula 

In a similar manner replacement with phenyl groups 
may occur, di- and triphenylamine being produced. 

Diphenylamine, CeHsNHCeHs, is obtained by heat- 
iag aniUne with aniline hydrochloride to 200°: 



CeHsNHiH + HCINH2IC6H5 -CeHgNHCeHs +NH4a. 

With acid chlorides, aniline forms anilideSj which are 
analogous with the acid amides (see p. 186) : 

CHsCOpTHjHN^ =CH3C0HNC6H5 +HC1. 

(Aoetanilide) 

One of these, aoetanilide (phenylacetamide),is of very 
great therapeutic interest on account of its antipyretic 
properties. It is the active drug in many proprietary 



NITROGEN AND ^ULPHUR DERIVATIVES. 287 

headache medicines (antikamnia, antifebrine, orangine 
powders, etc.). These remedies are not entirely harm- 
less, since acet nilide acts as a circulatory depressant. 
Acetanilide is easily prepared by heating aniline with 
glacial acetic acid (see exp.) : 

CeHsNHi H+H OjOCCHa =CaH5 • NH • OCCH? + H2O. 

(Acetanilide) ^, 

Experiment. Mix 10 c.c. each of aniline and glacial 
acetic acid in a small flask attached to a reflux con- 
denser; boil for four hours. Dilute with 100 c.c. of 
boiling water and filter at once, using a hot funnel. On 
cooling, acetanilide crystallizes out. Recrystallize from 
hot water. Save a sample. 

Acetanilide is very slightly soluble in water and 
crystallizes from it in colourless plates. It melts at 
114.2° (corrected). Two other antipyretic drugs are 
closely related to acetanilide. In one of these, exalgin 
(methyl acetanilide), the hydrogen atom of the amido 
group is replaced by methyl, CeHsNCHaCOCHs. In 
the other, benzanilide (benzoyl anilide), the acetyl rad- 
icle is replaced by benzoyl, CeHs-NH 0006115.1 

* In their passage through the animal body these drugs 

become partially oxidized to aminophenol CeH^C ]^tt , which 

also has antip3a-etic properties, and it has been thought that 
it is really this substance which produces the antip3a'etic 
action. On this supposition, various derivatives of par- 
aminophenol have been prepared and found to be equally 
active as antipyretics. These will be described later on 
(p. 297). Acetyl paraminophenol as well as aminophenol is 
produced in the animal body. 
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DIAZO COMPOUNDS. 
When fatty amino derivatives are treated with 
nitrous acid, nitrogen is evolved and a hydroxyl 
group takes the place of the amino group; with 
the aromatic amines, on the other hand, nitrous acid 
at low temperatures has quite a different action. It 
converts them into diazo compotindSy so called be- 
cause they contain two nitrogen (nitrogen = azote (French)) 
atoms hnked together. The diazo compounds are of 
very great importance in organic synthesis on account 
of the readiness with which they can be converted into 
other bodies. They are prepared by treating an ice- 
cold solution of an aniline salt with nitrous acid or with 
ethyl nitrite: 

C6H5NH2HNO3 +HNO2 =C6H5N=NN03 +2H2O. 

(Benzene diazonium nitrate) 

If a diazonium salt be driefl and struck with a hammer 
it explodes. Its most important reactions are as fol- 
lows : 

1. With water it forms phenol and nitrogen (see 

exp. (2) (6): 

C6H5N=NC1 +H2O =C6H50H +N2 +HC1. 

To obtain this result the diazonium salt is best prepared 
by treating a cold, acidified solution of an aniline salt 
with an equivalent quantity of sodium nitrite, and then 
boiling (see exp. 2, p. 259). 

2. Boiling vrith alcohol causes replacement of the diazo 
group either by ethoxy ( — — C2H5) or hydrogen. In 
the first case phenyl ethyl ether or phenetole is formed: 

C6H5N=NC1 +C2H5OH =C6H50C2H5 +N2 +Ha , 



i^ 
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In the second case benzene and aldehyde: 
C6H5N=NC1 +C2H5OH =C6H6 +CH3CHO +N2 +HC1. 

3. Heating with a halogen add or, better still, with 
an acid solution of the corresponding cuprous salt of 
the acid causes replacement of the diazo group by the 
halogen: 

C6H5N=NC1 +HC1 =C6H5C1 +N2 +HC1: 

4. Heating with cuprous cyanide replaces the diazo 
group by cyanogen : 

CeHsN^NCl +Cu2(CN)2 =C6H5CN +Cu2<^f +N2, 

and the resulting nitrile can be hydrolyzed to form 
benzoic acid (see p. 274). 

Other replacements by hydrocarbon residues, sulphur 
groups, etc., can also be effected. 

Experiments. (1) Prepare benzene diazonium ni- 
trate. Put 50 gm. of arsenic trioxide into a flask; pro- 
vide a funnel-tube, as in other gas-generators, and a 
delivery-tube which is connected with an empty bottle 
or cylinder standing in cold water. Mix 10 gm. of 
aniline nitrate with 12 c.c. of cold water in a graduate 
or large test-tube standing in ice-water, and immerse 
in the hquid a delivery-tube coming from the condenser- 
bottle of the gas apparatus. Through the funnel add 
50 c.c. of concentrated HNO3 to the AS2O3; heat as is 
necessary to keep up an evolution of nitrogen oxides. 
Bubble the gas into the aniline nitrate mixture until 
complete solution is secured. Add to the solution an 
equal volume of alcohol cooled to 0°, then some cold 
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ether. An abundant precipitate of .benzene diazonitun 
nitrate is obtained. Filter quickly with suction. Test 
for the following reactions at once: 

(2) (d) Dissolve some in water and let it stand. It 
decomposes, as is shown by change of colour. (6) 
Boil some with water; notice the phenol odour, (c) Boil 
some with alcohol in a test-tube; it is decomposed with 
production of phenetole. (d) Add some to a Uttle con- 
centrated HCl and boil. Chlorbenzene is formed; on 
adding water this sinks to the bottom, (e) The dried 
salt is explosive; place a small particle on a piece of iron 
and strike it with a hammer. 

In all the above cases the N2 group is replaced. 
Diazo compounds, however, exhibit another tjrpe of 
reaction in which the N2 group is retained and a new 
substance of greater stability is produced. The more 
important of these substances are : 

a. Diazoamino Compounds. In these, one of the 
hydrogens of an amido group is replaced by a diazo 
residue. A type of the class is diazoaminobemene, 
CeHs • N=N • NH • CqRsj which is prepared by bringing to- 
gether aniline and diazonium chloride in neutral solu- 
tion. It forms yellowish crystals, which are insoluble 
in water but soluble in alcohol. By heating with aniline, 
and in various other ways, diazoaminobenzene becomes 
converted by a rearrangement of atoms into 

b. Aminoazobenzene, C6H5N=NC6H4NH2, which 
is the amino derivative of a substance called azobenzene. 

Dimethyl aminoazobenzene is C6H5 • N2 • C6H4 • N(CH3)2. 
It is used as an indicator for free acid, giving a pink 
colour in the presence of the latter (see p. 312). 
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c. Azobenzene, CeHs-N^NCeHs. Azobenzene can 
be obtained by partial reduction of nitrobenzene. It 
forms orange-red crystals and is soluble in water, but 
the resulting solution is not a dye (see p. 315). The azo 
group is present, however, in many dyes. 

d. Hydrazobenzene, CeHsNH — NHCeHs, is obtained 
by reducing azobenzene; it is colourless. Hydrazo- 
benzene is the diphenyl derivative of hydrazine, 
NH2 — NH2. The most important hydrazine deriva- 
tive is 

e. Phenylhydrazine, CeHsNH — NH2, which forms 
hydrazones (see p. 271) with aldehydes, and osazones 
with sugars (seep. 216). It is obtained by reduction 
of diazonium salts (see exp.) : 

C6H5N2CI +4H =C6H5NH— NH2 HCl. 

(Phenylhydrazine hydrochloride) 

Experiment. To 10 c.c. of freshly distilled aniline 
add, while stirring, 100 c.c. of concentrated HCl. Cool, 
then add slowly from a dropping funnel a solution of 
sodium nitrite (10 gm. in 50 c.c. of water), imtil testing 
with starch-potassium-iodide paper shows the presencie 
of free nitrous acid (blue colour). For the test dilute a 
drop of the acid mixture with 5 c.c. of water. Add a 
cold solution of 60 gm. of stannous chloride in 50 c.c. 
of concentrated HCl. Cool until a paste of crystals 
appears. Filter through muslin, using suction. Trans- 
fer to a porous plate, press out the phenylhydrazine 
hydrochloride crystals in a thin layer, and set away to 
dry out : 

1. C6H5NH2HCI +HNO2 =C6H5N2C1 +2H2O. 

2. C6H5N2Cl4-4H=C6H5NH.NH2HCl. 
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Free phenylhydrazine may be extracted by treating 
the hydrochloride with an excess of NaOH solution 
and shaking with ether. After dehydrating the ethereal 
extract, evaporate the ether; phenylhydrazine remains 
behind as a liquid which readily solidifies on cooling. 

Phenylhydrazine is a colourless? oil at ordinary tem- 
perature and boils at 243.5°, meanwhile imdergoing 
some decomposition. It becomes dark on exposure to 
air. Its salts, e.g., the hydrochloride, are soUd and 
are sometimes employed in place of the base itself for 
producing osazone crystals, the hydrochloric acid being 
neutraUzed by sodium acetate. By a series of re- 
actions, which are too complicated for description here, 
a derivative of phenylhydrazine can be obtained which 
lowers fever temperature. This is antipyrin or phena- 
zone (l-phenyl-2, 3-dimethyl pyrazolone), 

JCO CH 

C6H5-N/ II 

\N(CH3)— C— CH3 

The relationship of these bodies to nitrobenzene and 
aniline will be evident from an examination of the 
following f ormulse : 



C6H5NO2 

(Nitroben- 
zene) 



CeHsF 


CeHfiNH 


CeHsNH 


CeHg.jl 


1 


1 CeHfiNHz 


CeHs-NH 


NH2 'A"!^') 


(AKjben- 
nne) 


(Hydrazo- 
bensene) 


(Fhenylhydranne) 
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SULPHUR DERIVATIVES, 

Stilphonic acids. With sulphuric acid the benzenes 
form sulphonic acids, thus : 

C6Ha+H2S04 =C6H5S03H +H2O 

(Benzene-sulphonic acid) 

and C6H6CH3+H2S04=C6H4<^^'jj+H20. 

(Toluene-Bulphonic acid) 

It is of importance to note that in this respect they 
behave quite differently from paraffins. When an 
alkyl group (as in toluene), an amino group (as in 
aniUne), or a hydroxyl group (as in phenol) is 
attached to the benzene nucleus, the sulphonic acid 
derivative is more easily formed than when benzene 
alone, or any of its other derivatives, is used. 

The sulphonic acids are soluble in water and are 
strong acids, so that their salts are very stable, e.g., 
CeHsSOsNa. Treated with phosphorus pentachloride 
the salts of sulphonic acids form sulphonic chlorides, 
which may be reduced to mercaptans: 

1. CeHsSOsNa+PCls^CeHsSOaCr+POCls+Naa. 

2. C6H5SO2GI +6H =C6H6SH+HC1+2H20. 

(Thiophenol) 

These reactions show us that sulphonic acids must 
possess an — OH group and that the S atom is in imme- 
diate connection with the benzene ring. The structural 
formula of benzene-sulphonic acid must therefore be 

HO— ^O ' ^^ sulphuric acid, ttq^02, in which one 
hydroxyl group is replaced by phenyl (c/. p. 163). 
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They give several other reactions, the following of 
which are important : 

1. Fused vnth potassium hydroxide, benzene-sulphonic 
acid yields phenol, 

C6H5SO3K + KOH = CeHsOH + K2SO3. 

Experiments. (1) To 75 gm. of fuming H2SO4 in a 
small flask to whicb an air-eondenser is attached, add, 
a little at a time, 20 gm. of benzene, shaking and cool- 
ing after each addition. Transfer to a dropping fmmel, 
and run the mixture out, drop by drop, into 300 c.c. of 
cold saturated NaCl solution. Keep the salt solution cold 
with ice-water. On standing, crystals of sodium ben- 
zene sulphonate form. Crystallization may be hastened 
by strongly cooling some of the mixture in a test-tube 
and emptying the crystalline mass into the main liquid. 
Filter the pasty mass of crystals with suction and 
wash it with a little saturated salt solution. Press 
dry, and complete the drying in an oven at 110°. 

(2) Weigh the dry powder (of 1); weigh out five times 
as much KOH. Put the KOH in an iron dish, add a 
few cubic centimetres of water, and melt. Then add 
slowly, while stirring with a spatula, the sodium ben- 
zene sulphonate. Keep fused for an hour. Dissolve 
in water, acidulate with HCl, shake with ether, and 
treat the ethereal solution of phenol in the same way 
as in the previous phenol experiments (see p. 259). 

2. Distilled with potassium cyanide^ cyanides are 

formed: 

C6H5SO3K+KCN-C6H5CN+K2SO3 

and C6H4<^q^'k + ^^^=^«^Kcn'+^2S03. 
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By hydrolysis these cyamdes can be converted into 
acids: 

CeHfiCN +2H2O =C6H5COOH +NH3. 

The toluene-sulphonic acids may be ortho or para. 
The meta variety is rare. The sulphonic acid group 
is present in many dyestuffs (see p. 316). 



CHAPTER XXVIII. 

MIXED AROMATIC COMPOUNDS. 

HYDROXY COMPOUNDS. 

Included under this head, we will consider certain 
compounds in which two or more dissimilar groups are 
attached to the benzene ring. It is evident that com- 
pounds of this nature must be extremely numerous. 
It will, of course, be possible here merely to indicate in 
a general way the more important of these. Besides 
the derivatives of the homologues of benzene which 
have already been described, the following are the most 
important mixed compounds : 

1. Phenol and stilphonic groups exist in phenol-sul- 

phonic acid, C6H4<^^tt (o or p), which is commer- 
cially known as aseptol and used as a disinfectant. The 
sodium salt of it is sodium sulphocarholate, and is used 
to arrest fermentation in the stomach. 

2. Phenol and nitro groups exist in mono- and tri- 
nitrophenol (picric acid), which have already been 
described (p. 262). 

3. Phenol and amino groups exist in the amino- 
phenols, which are prepared by reducing the mono- 
nitrophenols. The para variety is of therapeutic inter- 

296 
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est. Its ethyl ether is known as paraphenetidin, 
TT ^ and if this is treated with glacial acetic 

acid, acetaminophenetole is formed, C6H4 j MTf.rvvixT 

which is known in medicine as phenacetin (or acet- 
phenetidin) and is perhaps the safest antipyretic. 
Phenacetin is a white crystalline substance, sparingly 
soluble in water and with a melting-point of 135°. 

A number of other phenetidin derivatives are used in 
medicine, particularly holocain, lactophenin, and pheno- 
coU. Holocain is 






'2H 



5 



C6H4^Q^.jj 



^^^C — CH3 






Lactophenin is lactylphenetidin, 



p TT yOC 



HOCdfOHCHs- 



Phenocoll is aminoacetphenetidin, 



C6H4<(jjg 



HcfccHs-NHg. 



4. Phenol and a primary alcohol group are combined 

/OH 
in saligenin, C6H4<(^qtt qtt. This exists in combina- 
tion with dextrose in the glucoside salicin (see p. 228). 

5. An acid group may exist along with one or more 
hydroxyl groups. According to the ntmiber of the latter 
groups we may have mono-, di-, and trihydroxybenzoic 
acids. 
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A. Monohydroxybemoic adds, ^e^^\nQryu- The 

ortho variety of this is salicylic acid, an extremely im- 
portant medicinal substance. It may be prepared by 
a variety of reactions, the chief of which are as follows: 
(1) By saponifjring methyl salicylate (oil of winter- 
green) with caustic potash : 



C CH3 I yCOOK 

+10h|k =C6H4< +CH3OH. 

\0H 

The potassium salicylate thus formed can be decom- 
posed by acidifying with hydrochloric acid (see exp. 1, 
below). 

(2) By subjecting sodirnn phenolate to the ac- 
tion of carbon dioxide, sodium phenyl carbonate, 
CeHsOCOONa, is formed, which, by heatmg to 130^ 
C. in an autoclave, becomes converted into sodium 
salicylate: 

CeHs-O-COONa -C6H4<^2^^*- 

This method is used commercially. 

(3) By fusing orthotoluene-sulphonic acid, ortho- 
cresol, or orthosulphobenzoic acid with caustic potash. 
In the case of the first two bodies oxidation of the 
methyl side chain occurs. The replacement of the sul- 
phonic group by hydroxyl has already been explained 
(cf. p. 258). 

(4) By converting orthoaminobenzoic acid into the 
diazonium salt and boiling this with water (see p. 288). 

Salicylic acid crystallizes in needles and melts at 159° 
(corrected). It is readily soluble in hot water, but 
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only sparingly so in cold. Its aqueous solutions give 
an intense violet colour with ferric chloride. It is read- 
ily soluble in fat-solvents. Solutions of salicylic acid 
possess antiseptic properties, and, having no odour, it 
is therefore employed for preserving wines, foods, etc. 

Its sodium salt, ^e^4\r)jr *, has great medicinal 

value in the treatment of rheinnatism. 

There are also meta and para hydroxybenzoic acids, 
which can be prepared from the corresponding amino- 
or sulphonic-benzoic acids. They do not react with 
ferric chloride. 

Salicylic acid forms various salts, the salicyl- 
ates, many of which are important. Methyl salicylate, 

C6H4<(^QQpTT , is the chief constituent of oil of winter- 
green. It can be made synthetically by heating methyl 
alcohol with sulphuric acid and salicylic acid. A very 
interesting compoimd of salicylic acid is phenyl salic- 

ylate, C!6H4<^p,QQQ xj , or salol. It is produced by 
heating salicylic acid alone to 200°-220° (see exp.). 

X)H /OH 

2C6H4< =C6H4< +CO2+H2O; 

X!OOH X^OOCeHs 

or by heating phenol and salicylic acid in the presence 
of phosphorus oxychloride: 

/OH 
3C6H4< +3C6H5OH +POCI3 = 

\COOH 
/OH 
^3C6H4< +H3PO4 +3HCL 

XiOOCeHs 
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. Salol is a white crystalline powder, somewhat aro- 
matic in odour and melting at 43°. It is insoluble in 
water and unaffected by dilute acids. Alkalies readily 
saponify it, however, and yield salicylate and phenol. 
Taken internally it will therefore remain undecomposed 
till it reaches the intestine, when the phenol and saUc- 
ylate liberated by action of the alkali will act as anti- 
septics. On this accoimt it is used for intestinal anti- 
sepsis. 
By the action of sulphm-ic acid on saUcylic acid, 

salicyl-sulphonic acid, C6H4<(XaQ jj; is formed. This 

is a white crystalline deliquescent substance, readily 
soluble in water, the solution being a valuable precipi- 
tant for certain but not all proteids. Its solutions on 
standing become coloured. 

Experiments. Salicylic add. (1) Saponify 5 c.c. 
of oil of wintergreen by boiUng with 100 c.c. of 20% 
NaOH, using a reflux condenser, until the oil has dis- 
appeared. Cool, acidulate with HCl, collect the crystals 
on a filter, and wash them with a small quantity of 
water. Dissolve the salicyUc acid in a little hot alcohol, 
and filter the solution into a beaker half full of cold 
water. Collect the crystals. 

(2) Tests, (a) Add ferric chloride solution to some 
salicylic acid solution — ^violet-blue colour. Compare the 
similar phenol test. Try ferric chloride with alcohoUc 
solutions of phenol and of salicylic acid. (6) Mix a 
Uttle salicylic acid with some soda-lime and heat in a 
dry test-tube imtil the odour of phenol is noticed. 

(3) Prepare salol as follows: Fill a dry test-tube 
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one third full of salicylic acid, fit the test-tube with a 
cork having a piece of small glass tubing 8 inches long 
passing through it, now heat gradually, boil the melted 
salicylic acid for five minutes, and, removing the 
cork, pour the hot liquid into some cold water in a 
beaker. Collect the insoluble material, heat it with 
some water in a test-tube, when it soon melts and 
sinks as dark-coloured drops. Decant off the water, 
add 2 c.c. of H2SO4; on heating a reddish colour de- 
velops. 

There 'are several derivatives of salicylic acid among 
the newer remedies, as sanoform or diiodomethyl salic- 
ylate, salophen or acetyl-paraminophenyl salicylate, and 
salipyrin, a combination of salicylic acid with antipyrin. 

Orthoform is the methyl ester of aminohydroxy- 

/NH2 (1) 

benzoic acid, CeHs^-OH (2) . Nirvanin ia the 

\COOCH3 (4) 
methyl ester of diethylglycocoll-aminosaKcyUc acid, 

/NH.OCCH2N(C2H5)2 (5) 

CftHa^H (2) . Aspirin is acetyl- 

\COOCH3 (1) 

/OOCCH 
salicylic acid, C6H4^q^qtt '. Betol is the naphthol 

ester of salicylic acid, C6H4(OH)COO-CioH7, 



B. Dihydroxybenzoic acid is protocatechuic, 
y€OOH (1) X!OOH 

CeHsf-OHCS) . Its monomethyl ether, CeHsf-OCHa, 
\0H (4) \0H 

is vanillic acid, which is derived from vanillin, the corre- 



gallic acid, C6H2 



302 ORGANIC CHEMISTRY, 

yCHO 
sponding aldehyde, CeHa^OCHs, by oxidation. Va- 

\0H 
nillin, contained in the vanilla-bean, is extensively em- 
ployed as a flavouring agent. It is used, with phloro- 
glucin, as an indicator for free mineral acid (see p. 312), 
(Synthetically it can also be prepared by treating 

guaiacol, C6H4<^qtt ^ y with chloroform and caustic 
soda.) 

C. Trihydroxybenzoic acid is the important compound 
COOH(l) 

OH(4)(+H20)- This is contained 
.OH (5) 

in certain plants, but is most readily obtained by boiling 
tannin with dilute mineral acid, or by fermenting gall- 
nuts. Tannic acid consists of two molecules of gallic 
acid minus one molecule of water; it is therefore a 
condensation product. 

Tannic acid will be seen to bear a similar relation to 
gallic acid as disaccharides bear to monosaccharides: 

C14H10O9 +H2O =2C7H605. 
(Tannic acid) (Gallic acid) 

The following structural formula has been proposed 
for tannic acid: 

OH 

='>^\X^ H OH 
HO. i-rZl. 




OH H OH 
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That gallic acid has the structural formula given to it 
above is proved by the fact that it can be prepared by 
fusing bromprotocatechuic acid with KOH: . 



CflH: 



2 



COOH 

OH p^ I 

OH ^^«^2 1 

jBr+K|OH 



rCOOH 

OH ■^^^'^• 
OH 



Gallic acid is insoluble in cold water, but soluble in 
hot water, alcohol, and ether, and its solutions give first 
a precipitate and then form a dark-green solution with 
ferric chloride. A hlue-hlack ink is made by adding 
gallic acid to a slightly acid solution of ferrous sulphate 
to which indigo carmine has also been added. WTien 
this dries on paper it oxidizes, giving a heavy black 
precipitate. When distilled gallic acid yields pyrogallic 
acid and carbon dioxide (see p. 267). Airol and der- 
matol are combinations of gallic acid with bismuth. 

Tannic acid is much more soluble than gallic. It gives 
the same reaction with ferric chloride. It has a very 
extensive commercial use in tanning, in which process 
it forms insoluble and tough compounds with the pro- 
teid, etc., in skin. It is also employed, on account of 
its astringent properties, in medicine. Many deriva- 
tives of tannic acid have been prepared as substitutes 
for it, such as tannalbin, tannacol, tannigen, etc. 

Experiments. (1) Test solutions of gallic acid and 
tannic acid with ferric chloride. 

(2) Add tannic acid solution to some gelatin solu- 
tion; the gelatin is precipitated. 

(3) To a solution of quinine bisulphate (quinine dis- 
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solved in very dilute H2SO4) add tannic acid solution; 
the quinine is precipitated. 

6. Hydrozyl groups and fatty acid side chain. Tyrosiii 

is the chief representative. It is parahydroxyphenyl- 

a.aminopropionicacid,C6H4<;(.jj^.(.jjjjjj^,(>;QQjj ^_ 

rosin is a decomposition product of proteid. It gives 
a test with Millon's reagent. Proteids which con- 
tain no tyrosin (as gelatin, certain albumoses, etc.) do 
not give this test. It occasionally occurs in the urine 
as characteristic crystals. Phenylalanin is closely re- 
lated to tyrosin, differing only in not being a hydroxy- 
acid; its formula is CeHsCHzCHNHgCOOH. Homo- 
gentisic acid has two hydroxyls; it is dihydroxyphenyl- 

/0H(1) 
acetic acid, CeHa^-OH (4) . It has been found 

\CH2COOH(5) 
in the urine in cases of alcaptonuria. 

Adrenalin. This is a derivative of pyrocatechol, 
for which the following structural formula has been 
suggested:^ 




H2— NHCHs 



» Objections have been raised to this formula, so that it 
must still be considered an unsettled question. 
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Adrenalin (also called epinephrin) is the active principle 
in the extract from the suprarenal capsule, and when 
its solution is injected into the circulation of an animal 
several important effects are observed, chief of which 
is rise of blood-pressure. A synthetic compoimd with 
the above formula can be prepared from pyrocatechol, 
and it produces the same physiological effects as adre- 
nalin. It iis, however, optically inactive, whereas 
adrenalin itself is optically active. 



CHAPTER XXIX. 

MIXED AROMATIC COMPOUNDS {Contimied)' 
(ALSO INDICATORS AND DYES.) 

7. Acid and nitro groups. Benzoic acid readily 
reacts with nitric acid to form the nitrobenzoic acids. 
The meta variety is formed in greatest amount. As 
ah-eady pointed out, nitrobenzoic acids may also be 
obtained by oxidizing the corresponding nitrotoluenes 
(see p. 282). 

8. Acid and amino groups. By reducing the nitro^ 
benzoic acids with tin and hydrochloric acid (nascent 
hydrogen) amino derivatives of benzoic acid may be ob- 
tained (c/. reduction of nitrobenzene to aniline, p. 284). 
The ortho variety of these is known as anthranilic acid, 

C6H4<^^TT / y It is produced as an intermediate 

product in the preparation of aniline by boiling indigo 
with caustic alkali. 

9. Acid and sulpho groups. Metasulphobenzoic acid 
is produced by the action of sulphuric acid on benzoic 
acid. The important substance saccharin is the imide 

of orthosulphobenzoic acid, C6H4<^^^ ^NH, and is 

also called benzosulphinide. It is intensely sweet, and 

806 
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antiseptic; on account of these properties it is used as 
a medicine and a preservative. 

10. Sulphonic and amino groups. By the action of 
sulphuric acid on aniUne, aniline sulphate is first of all 
formed and then becomes converted into paraminoben- 

zenesulphonic acid or sulphanilic acid, C6H4<^q |t/ y 

by dehydration : 

C6H5NH2.H2SO4 =C6H4<^^^|j +H2O. 

In sulphanilic acid it has been supposed that the amino 
and- sulpho side chains are linked together through an 
oxygen atom so as to form an inner salt, thus: 




Sulphanilic acid is soluble in hot water, but only 
sparingly so in cold water. Its solutions are acid in 
reaction, thus differing from taurin (aminoethyl-sul- 
phonic acid, see p. 185). It is used in the manufacture 
of dyes, in a large number of which there exists the 
sulphonic acid group along with a diazo group. Two 
of these dyes, viz., methyl orange and tropseolin 00, 
are used as indicators in bio-chemistry. 
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Experiment. Preparation of svlphanUic add. To 
60 gm. of C.P. H2SO4 in a flask, add gradually 15 c.c. 
of aniline, and heat in an oil-bath at .180°-190° for 
about four hours, until a test-drop, diluted with water 
and treated with NaOH, shows no unchanged aniline. 
Cool, and pour into a beaker of cold water while stir- 
ring the latter. Filter off the crystals. Recrystallize 
from hot water. 

Helianthin is dimethyl-aminoazobenzene-sulphonic 
acid, 

/N=N-C6H4N(CH3)2 (1) 
^^^^XSOaH (4) 

prepared by acting on benzene-diazonium-sulphonic acid 
with dimethylaniline. Its sodium salt is methyl orange 
(see indicators, p. 311). 

Orange II is an azo dye, somewhat related to methyl 
orange in chemical structure : 



/N=N.CioH6.0H 



Experiment. Dissolve 10 gm. of dry sulphanilic 
acid in 100 c.c. of 2.5% Na2C03 solution (made with 
anhydrous carbonate), and add 3.5 -gm. of NaN02 dis- 
solved in 20 c.c. of water. Cool with ice-water, grad- 
ually add diluted HCl (6 c.c. +10 c.c. H2O), and finally 
add an acid solution of dimethylaniline (6 gm. + 6 c.c. 
HCl + 20 c.c. H2O). Render the mixture alkaline with 
NaOH solution and add 20 gm. of NaCl Filter off the 
methyl orange precipitate and crystallize from hot 
water. To a little dilute solution of methyl orange add 
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some acid — a. red colour is obtained. Save a sample of 
the crystals. 

Tropseolin 00 is diphenyl-aminoazobenzene-sul- 

/N2-C6H4NHC6H5 . 
phonic acid, C6H4<^ . Its alcoholic 

\sO3H 

solution gives a violet colour with free mineral acid; or, 
if its alcoholic solution be evaporated to dryness, the 
resulting residue, while still warm, gives a violet colour 
with free mineral acids. Applied in this latter manner 
the test is very delicate. It is thus used as an indicator 
in analysis of the gastric juice. 

INDICATORS, 

At this stage it wiU be convenient to discuss briefly 
the theory of the action of indicators. 

These must possess weak acid or basic properties, 
and be, therefore, undissociated when in a free state, but 
dissociated when present as salts. In the dissociated 
state the anion must have a different colour from that 
of the undissociated compound. 

Taking the three most commonly used indicators, 
phenolphthalein, methyl orange, and litmus, let us see 
in how far their actions can be thus explained. 

(1) Phenolphthalein, This is of the nature of a very 
feeble acid, so that it is undissociated when in a free 
state, and when undissociated it is colourless. When 
dissociated, however, its anion has a red colour. Disso- 
ciation occurs when it is converted into a salt. Thus, 
when we titrate an acid with sodium hydroxide, using 
phenolphthalein as indicator, what happens is this: In 
the presence of the acid the phenolphthalein is undis- 
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sociated, and the solution is therefore colourless; as 
alkali is added the acid becomes gradually neutralized, 
until at last a trace of alkali in excess of that necessary 
to neutralize the acid is present; this trace combines 
with the phenolphthalein, forming a salt which then 
dissociates, so that the anion imparts its red colour to 
the solution. 

The acid to be titrated must be distinctly stronger 
than phenolphthalein, for otherwise, before the former 
has all been neutralized, some of the salt formed will 
become hydrolyzed, and the base thus liberated will 
combine with the phenolphthalein and form a salt which, 
partially dissociating, will impart a pink tint to the so- 
lution. Thus, phenols cannot be titrated with phenol- 
phthalein. On the other hand, such a feeble acid as 
carbonic is so much stronger than phenolphthalein that 
the latter can be employed as an indicator for titrating 
it. On this account carbojj dioxide must be absent 
-from the standard alkali used for titrating. Phenol- 
phthalein can also be used for practically all organic 
fatty acids. 

The base used for neutralization must also be a 
strong one. Thus, if a feeble base such as ammonia be 
employed, then the salt which it forms with the phenol- 
phthalein will be so feeble that it will be decomposed 
by the water (hydrolysis), and the end reaction will be 
indefinite, an excess of ammonia requiring to be present 
before the decomposing effect of the water is overcome. 
Phenolphthalein must not, therefore, be used when 
ammonia or ammonium salts are present in a solution. 

Phenolphthalein is the ideal indicator for weak acids, 
and should be employed along with a strong base. 
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(2) Methyl Orange. This is the sodium salt of a 
much stronger acid than phenolphthalein, and it dis- 
sociates readily in weak solution. When undissociated 
it is red, when dissociated its anion is yellow. Its dis^ 
sociation in water is prevented by the presence of a 
trace of stronger acid, — ^such solutions are therefore 
red, — ^but if alkali be added in sufficient amoimt just 
to neutralize this acid, then the methyl orange partially 
dissociates and the solution becomes much paler, and 
if a trace more alkali be added still more dissociation 
occurs, so that the solution becomes bright yellow^ 
Methyl orange is not affected by acid sodium phosphate 
(NaH2P04), so that a weak acid such as this must be 
present in large excess before it can prevent the dis- 
sociation of methyl orange, therefore for titrating 
acid salts this indicator is imsuitable; for the same 
reasons it cannot be used for weak organic acids. On 
the other hand, it is suitable for practically all bases, 
since with all of them it will immediately form dissoci- 
able salts, which do not hydrolyze so long as any of the 
base is available (i.e., uncombined with the acid that is 
being titrated, which must, of course, be stronger than 
methyl orange). 

Methyl orange is therefore especially useful for the 
titration of bases, including ammonia, and imsuitable 
for the weaker organic acids. The indicators used for 
the detection of mineral acid in the gastric contents 
belong to the same class as methyl orange, e.g., Oongo 
red and dimethylamidoazobenzene. 

While it is true that these indicators will not give an 
accurate titration value with organic acids, our experi- 
ence (contrary to statements in clinical chemistry text- 
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books) is that methyl orange, Congo red, and dimethyl- 

amidoazobenzene give a distinct colour reaction (as 

with mineral acids) even when used with very dilute 

' N 

organic acid solutions; for example, a 5^ lactic acid 

solution (1 drop of pure acid in 100 c.c. of water) reacts 
acid to these indicators. The phloroglucin-vanillin re- 
agent, however, reacts only to mineral acid and can be 
used as the indicator when making a quantitative esti- 
mation of mineral acid in the presence of organic acids. 
(3) Litmiis. This stands between phenolphthalein 
and methyl orange in its properties. In the im-ionized 
state it is red, therefore red with acids; and in the 
ionized state blue, therefore blue with alkalies. 

The importance to the student of thoroughly understand- 
ing the action of these three indicators will be evident from 
the fact that the blood and urine react very differently towards 
them. Towards methyl orange both blood and urine (even 
when the latter is acid to litmus) react alkaline or neutral, 
towards phenolphthalein they react acid, while towards litmus 
blood reacts alkaline and urine (usually) acid. The cause 
of this difference in action lies in the fact that in both of these 
animal fluids we have a mixture of NaH2P04 and Na2HP04. 
Occasionally these two salts are present in equivalent quan- 
tities in the urine (normally in milk also) ; in such a case the 
urine reacts acid to blue litmus and alkaline to red litmus 
(amphoteric reaction). This is due to the fact that NaH2p04 
is acid to litmus and Na2HP04 is alkaline. In normal 
(acid) urine NaH2P04 preponderates over the alkaline salt, 
therefore the urine reacts acid to litmus; in the blood, 
however, Na2HP04 is present in excess, therefore it reacts 
alkaline to litmus. Both of these, even the acid-reacting 
NaH2P04, are but feebly dissociated (i.e., furnish few ions) 
compared with the relatively strong acid in methyl orange; 
therefore they are unable to influence the degree of dissocia- 
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tion of methyl orange. Congo red acts in the same manner 
as methyl orange. Phenolphthalein, however, is so feeble 
an acid that both of these acid salts can readily teep it in 
the (practically) undissociated condition, and do not allow 
it to form its sodium salt, under which circumstances, as we 
have already stated, it remains colourless. 

11. Ketone group (CO) with two phenyl groups 
(aromatic ketones), or linking together of a phenyl and 
fatty group (mixed aromatic fatty ketones). 

These are prepared by methods analogous with those 
already studied in connection with aliphatic ketones, 
thus: 

a. By distilling calcium benzoate, diphenyl ketone 
or benzophenone is produced : 



CeHsCOjOr™ 
CeHsiCOO / 



CeHsv 

>C0+CaC!03. 
CeHs/ 

(Benzophenone) 

b. By distilling salts of two different aromatic acids^ 
such as a salt of benzoic and one of toluic acid: 

n TT /CHs p TT /CH3 

+ = / +M2CO3. 

CeHsCOOM CeHs 

(Phenyltolylketone) 

c. By distilling a salt of an aromatic acid with one of 
a fatty acid : 

CeHsCOOM CeHsK 

+ = >C0+M2C03. 

CH3COOM CH3 / ' 

(Methyl phenyl ketone or 
acetophenone) 

* The salt usually employed is that of calcium. M means a 
metal 
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Acetophenone may also be obtained by adding 
aluminium chloride to a mixture of benzene and acetyl 
chloride. It is a crystalline substance melting at 20.5°, 
and is slightly soluble in water. It is used in medicine 
as a hypnotic under the name of hypnone. 

Quinones. These may be regarded as diketones.^ 
The best known of them is benzoquinone or quinone, 

HC CH 

which has the structural formula |1 || , and 

HC CH 

\co/ 

may be prepared by oxidizing various para derivatives 
of benzene, but not ortho or meta derivatives. Thus 
p-phenolsulphonic acid, p-sulphanilic acid, p-amido- 
phenol, etc., all yield quinone when oxidized. It is 
usually prepared, however, by oxidizing aniline with 
chromic acid or by oxidizing hydroquinol: 

COH C=0 

/\ /\ 

HC CH HC CH 

I II +0= II II +II2O. 

HC CH HC CH 

v/ \y 

COH 0=0 

These reactions for its preparation (with the excep- 
tion of its preparation from aniline) leave little doubt 
as to its structural formula. 

The quinones are of a yellow colour and possess a 

^ These do not strictly belong to the class of bodies that 
we are considering as mixed compounds. 
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pungent odour. They have oxidizing properties and 
are important in dye chemistry. 

Several dyes have akeady been mentioned. All such 
bodies are supposed to owe their dyeing properties to 
the presence in them of a so-called chromophore group. 
Chromophore groups are of various kinds, of which the 
following are important : 

1. The azo group N=:N, as in orange II (see p. 308). 

2. The nitro group NO2, as in picric acid (see p. 262). 

3. The group C-(R)-N, as in methyl violet (see p. 286). 

4. The group (R)<^q\(R), as in alizarin (see p. 321). 

The presence in a substance of one of these groups 
alone is not, generally, sufficient to constitute it a dye; 
certain other groups, particularly OH and NH2, must, as 
a rule, be attached to a chromophore-containing com- 
poimd to render it available as a dye. These assisting 
or auxiliary groups are called auxochromes. The sulpho 
group is often introduced to render a dye soluble. 

For many dyes a mordant is necessary, that is, an 
agent that will fix the colouring matter in the fibres of 
the fabric. For basic dyes tannic acid is largely used, 
while for acid dyes acetates of aluminiiun, chromium, 
and iron are commonly employed. 

12. Benzene derivatives having unsaturated carbon 
Unkings in a side chain. Cinnamic aldehyde has the 
formula CeHg— CH=CH— CHO. The corresponding 
acid is cinnamic acid, CeHg • CH=CH • COOH. The alde- 
hyde is the essential constituent of cinnamon oil. Syn- 
thetic cinnamic aldehyde is now displacing natural oil 
of cinnamon. 
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Cinnamic acid is a therapeutic agent. Other allyl 
derivatives of benzene are eugenol and safroL 
Eugenoly or parahydroxy-metamethoxy-allyl-ben- 



yGr~C!H2 — CH=CH2 



H(X X^H 

zene, II | , is the chief substance 

HCv yCOCHa 

in oil of cloves. 

Eugenol acetamide, eugenol carbinol, eugenol iodide, 
and benzeugenol have been put on the market as 
medicinal preparations. 

Safrol is contained in oil of sassafras and camphor 
oil. It is the methylene ether of allyl pyrocatechol, 
C6H3C3H6(OCH2)(OH). 



CHAPTER XXX. 

AROMATIC COMPOUNDS HAVING CONDENSED RINGS. 

PYRBOL DERIVATIVES OF BENZENE. 

Indol, C6H4<^H/^^' contains the pyrrol ^ nucleus, 

HC CH 

II II . - 

HC CH, condensed with the benzene nucleus, and 

\/ 

NH 
may be represented thus: 




Skatol is methyl indol, C6H4<^^^CH. 



Indol 



' The drug iodd is tetraiodopyrrol, CJ^.NH. 

317 
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and skatol are contained in faeces, imparting the 
characteristic odour to the latter. They are pro- 
duced in the intestine by the action of bacteria on 
the aromatic groups in proteid. They are volatile 
with steam. 

Indican is the oxidation product of indol in combina- 
tion with sulphuric acid as an ethereal sulphate, 

/C^— 0-S02(0H) 
C6H4<^ ^;?CH . It is indoxyl-sulphuric 

acid. It is sometimes present as a salt in the urine in 
considerable quantity. Indigo can be obtained from it, 
and occasionally indigo is deposited from urine contain- 
ing much indican after ammoniacal decomposition sets 
in. To estimate the indican in the urine it is con- 
verted into indigo by various^reagents, and this is then 
removed by shaking with chloroform. The blue chloro- 
form solution can be compared with an indigo solution 
of known strength, and thus a colourimetric estimation 
may be made. 
Skatoxyl-sulphuric acid is the corresponding derivative 

p nxT 

of skatol, C8H4<^ ^C— 0— SOzCOH). Another de- 

rivative of skatol is skatol- aminoacetic acid or 

tryptophan, C6H4<f ■^;<>-CH(NH2)C00H. It has 

recently been claimed that tryptophan is indol-amino- 

/ C ^H2 .CH(NH2) COOH 
propionic acid, C6H4^ ^>CH . Like 

indol and skatol, it is a decomposition product of pro- 
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teid, being produced during tryptic digestion. It gives 
a colour reaction with glyoxylic acid (see p. 172). 

Directly related to indol is isatin, C6H4<(^n^TTy>CO, 

for the former can be obtained from the latter by 
reduction. Indigo, structurally, is a combination of 
two isatin molecules, the end oxygen atom of each 
molecule being eliminated, thus: 

Indigo can be produced from isatin. The synthesis of 
indigo on a commercial scale is one of the great achieve- 
ments of chemistry. Most of the indigo marketed 
nowadays is artificially produced. Naphthalene is 
the starting-point of the synthesis. Indigo is a very 
valuable blue dye. 

CONDENSED BENZENE RINGS. 
Naphthalene (CioHs) contains two benzene rings 
connected together in the following manner: 

CH CH 




It forms white crystals melting at 79.6° and having a 
tar-like -odour. It is volatile and is contained in coal- 
gas, being also a constituent of the distillate from 
coal-tar. 
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CeHsf-OH 



Experiments. (1) Heat some naphthalene in a 
dry test-tube. It sublimes. 

(2) Try Friedel and Crafts' reaction with some 
naphthalene dissolved in chloroform (see p. 253). 

The naphthols, C10H7OH, correspond to phenols. 
Alpha-naphthol (melting-point 95°) and beta-naphthol 
(melting-point 122°) are both of importance. Epicaxin 
is related to naphthol; its formula is 

yCOOH 

3^0H 

nCH2 — CioHeOH. 

Orphol is a combination of beta-naphthol with bis- 
muth nitrate. All these substances are antiseptics. 
Alpha- and beta-naphthylamines, CioH7-NH2, are used 
as reagents. 

Congo red is a complex diazonium derivative of 
naphthylamine-sulphonic acid. Its formula is' 

^^H J>CioH5.N=N .C6H4.C6H4.N-N .CioH5<^^ 

Its colour becomes blue in the presence of free acids. 

Santonin, CisHigOa, is a derivative of naphthalene 
and is the anhydride or lactone of santoninic acid. 

Anthracene, C14H10, is a hydrocarbon containing 
three benzene rings condensed together: 

CH CH CH 



HC 
HC 



CH C 




CH 
CH 



H 
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or 



CH 



CH 



CH 



HC 
HC 



/^^/VAcH 



CH CH CH 



CH 



It occurs in coal-tar in small quantity. and is used in 
manufacturing alizarin. Its crystals melt at 216.5° 
(corrected). 

One of the important derivatives of anthracene is 
anthraquinone, 



HC 
HC 



CH CO 

^C. 



CH 




c 



K 



CH 



CH 



, C14H8O2. 



CH 







V 

CH 



Dihydroxyanthraquinone is the very important dye 
alizarin, Ci4H602(OH)2 : 
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Chiysophanic acid, Ci4H502(CH3)(OH)2, and chrysa- 
robin, C30H26O7, are anthracene derivatives of thera- 
peutic importance. Isomeric with anthracene is phe- 
nanthrenei C14H10: 





CH 


CH 




HC 


/\^\ 


CH 


HC 


\/Ky 


^ 




CH C 


V 








HC 


^ 





pH 
•cH * 



CH 



CHAPTER XXXI. 

AROMATIC BASES CONTAINING NITROGEN IN THE 
NUCLEUS. 

Pyridine Bases. These are ammonia derivatives and 

of great importance on account of their relationship to 

certain alkaloids which will be discussed presently. The 

simplest member of the series is pyridine, which has the 

CH 

HC/'^CH 



structural formula 

HC 



N 



. It may therefore be 
CH 



considered as benzene with a CH group replaced by 
nitrogen (CsHsN). There are several methyl p3rridines. 

The pyridines are contained in coal-tar, and are formed 
when bones are distilled, being produced by the action 
on one another at high temperatures of acrolein, am- 
monia, methylamine, etc. 

Pyridine is a colourless liquid with an odour like 
tobacco-smoke. It boils at 115° C. It mixes readily 
with water, the resulting solution being strongly alka- 
line. Like other tertiary ammonia bases, it directly 
combines with acids to form crystalline salts. When 
warmed with alkyl halides addition products are formed, 

828 



324 



ORGANIC CHEMISTRY. 



and if these be treated with caustic potash a very pun- 
gent and disagreeable odour is evolved. 

Experiments. (1) Dissolve some pyridine in water; 
test alkalinity with litmus. Notice the odour. 

(2) Then neutralize the solution with HCl, add a few 
drops of platinic chloride solution, and boil; a yellow 
precipitate of (C6H5N)2PtCl4 forms. 

Quinoline is another tertiary ammonia base. It may 
be considered as naphthalene in which a CH group has 

CH CH 




, C9H7N. It is 



been replaced by N : 



found in coal-tar. When certain alkaloids, particularly 
quinine and cinchonine, are distilled with potassium 
hydroxide, quinoline is obtained. Quinoline can be 
synthesized from aniline and glycerol in the presence 
of nitrobenzene and concentrated sulphinic acid (see 
exp. below) : 



CH 
HC'^CH 

HC 



CH2OH 

\ 
+ CHOH 



+0- 



CH CH 
HC/^^S^H 



\^NH. 

(Aniline) 



I 
CH2OH 

(Glycerol) 



EC 



CH^N 

(Quinoline) 



ICH 



+4H2O 



Quinoline is a liquid boiling at 237°. By proper 
treatment of quinoline, pyridine can be derived from 
it. Many alkaloids are quinoline derivatives. 
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Experiment. Synthesize quinoline. In a litre flask 
mix 15 gm. of nitrobenzene, 24 gm. of aniline, and 75 
gm. of glycerol; add 62 gm. of C.P. H2SO4 while agitat- 
ing the mixture. Connect with an air-condenser having 
a diameter of 2 cm., and heat the flask very gradually 
on a sand bath. Wrap the condenser with a damp rag. 
When the reaction begins (sudden bubbling) remove 
the flame. If the action is very vigorous, cool the upper 
part^of the flask with an air stream from a bellows. 
When the mixture becomes quiet, heat for three hours 
on a sand bath. Then dilute with 300 c.c. of water and 
distil with steam. When no more oily drops of nitro- 
benzene come over, stop the distilling. Cool par- 
tially, render the mixture alkaUne with strong NaOH ' 
solution, and again distil with steam, thus removing the 
quinoline and aniline. This last distillate is specially 
treated to convert the aniline into phenol, as was di- 
rected in the experiment under phenol (see p. 259). 
Diazotize the cooled liquid after rendering it distinctly 
acid with dilute H2SO4, warm in a bath, make alkaline 
(the phenol becomes fixed as a phenolate, while quino- 
line is set free), and distil with steam. Extract the 
quinoUne from the distillate with ether and proceed 
just as was done with phenol. 

Thalline, C9H9(OCH3)NH, and 

Kairine, C9H9(0H)N — C2H5, are quinoline derivatives 
that h^ye been used as antipyretics. 

Analgen (quinalgen) is a more recent antipjrretic, 
C9H5(OC2H5)NH(COC6H5)N. 

Kjrnurenic acid, occurring in the urine of dogs, is a 
qumoUne derivative, C9H5N(OH)(COOH). 
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Isoqtiinoliney C9H7N, is an isomer of quinoline: 

CH 




It is of importance because of the derivation of many 
alkaloids from it. 



SYNOPSIS. 



Aromatic Compounds. 



A. Benzene hydrocarbons. 
Benzene derivatives. 

1. Halogen derivatives, 

2. Hydroxy derivatives. 
( Ethers. 



a. Phenols 



1 Ethereal salts. 



f Substitution 



(1) Monacid phenols i , ; 

( products. 

(2) Diacid phenols. 

(3) Triacid phenols. 

(4) Hexacid phenol derivative. 

6. Fatty alcohol side-chain compounds and deriva- 
Alcohols (primary). 
Aldehydes. 



tives 



3. Dibasic acids. 



Monobasic acids 



ids \ 



Salts. 
Ethereal salts. 
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4. Nitrogen derivatives. 

(a) Nitro compounds. 
(6) Amino compounds, 
(c) Diazo compounds. 

5. Svlphur derivatives. 

6. Mixed compounds. 

(1) Phenol and sulphonic groups. 

(2) Phenol and nitro groups. 

(3) Phenol and amino groups. 

(4) Phenol and primary alcohol groups. 

(5) Hydroxy-acids. 

(6) Hydroxyl groups and fatty acid side chain. 

(7) Acid and nitro groups. 

(8) Acid and amino groups. 

(9) Acid and sulpho groups. 

(10) Sulphonic and amino groups. 

(11) Ketone linkings and quinones. 

(12) Unsaturated side-chain combinations with ben- 

zene derivatives. 
B. Pyrrol derivatives of benzene. 
C* Condensed benzene rings. 

1. Naphthalene. 

2: Anthracene. 

3. Phenanthrene. 
D. Aromatic bases having nitrogen in the nucleus. 

1. Pyridine bases. 

2. Quinoline bases. 

3. Isoquinoline bases. 

4. Alkaloids. 



CHAPTER XXXII. 

ALKALOIDS AND DRUG PRINCIPLES. 

ALKALOIDS. 

In its broadest application the term alkaloid includes 
all nitrogenous organic substances that are basic in 
character (alkaloid = alkali-like). Caffeine and theobro- 
mine, purin bases and other leucomaines, choline, mus- 
carine, and other ptomaines are all called alkaloids. 

In this chapter we intend to consider only those alka- 
loids which are secondary or tertiary ammonia bases, 
containing one or more aromatic nuclei. Those whose 
structure is known are derivatives of pyridine, pyrroli- 
dine, quinoline, isoquinoline, or morplioline. Morpho- 
line has the formula 

O 

H2C/\CH2 

II2CI • CH2 

NH 

Pyrrolidine is derived from pyrrol (see p. 317); it is 
H2CJ jCHa 

NH 

838 
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The empirical formulse of the chief alkaloids are as 
follows: 

Coniine CgHivN. 

Nicotine C10H14N2. 

Sparteine C16H26N2. 

Hydrastinine C11H11NO2. 

Pilocarpine C11H16N2O2- 

Emetme CigHaiNOg. 

Physostigmine C16H21N3O2 (Eserine). 

Eseridine C15H23N3O3. 

Homatropine C16H21NO3. 

Lobeline C16H24NO. 

Apomorphine C17H17NO2. 

Morphine C17H19NO3. 

Cocaine C17H21NO4. 

Hyoscine C17H21NO4 (Scopolamine). 

Atropine C17H23NO3 ) j^^^^^ 

Hyoscyamme C17H23NO3 f ^°^^^s. 

Codeine C18H21NO3. 

Thebaine C19H21NO3. 

Cinchonine C19H22N2O ) j 

Cinchonidme C19H22N2O ) ^^^^^^* 

Berberine C20H17NO4. 

Papaverine C20H21NO4. 

Quinine C20H24N2O2 (Isomer, Quinidine) 

Hydrastine C21H21NO6. 

Strychnine. C21H22N2O2. 

Narcotine C22H23NO7. 

Colchicine C22H26NO6. 

Gelseminine C22H26N2O3. 

Yohimbine C22H28N2O3. 

Brucine C23H26NO3. 
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Narceine. C23H27NO8. 

Jervine C26H37NO3. 

Veratrine. C32H49NO9. 

Aconitine C33H45NO12. 

Coniine and nicotine are the only important alkaloids 
• that contain no oxygen and that are volatile liquidfi. 
Sparteine is a liquid, but non-volatile. All of the alka- 
loids form salts with acids; these salts are very much 
more soluble in water and alcohol than the free alkaloids. 
The free alkaloids, on the other hand, are more soluble 
than their salts in the immiscible solvents — ether, 
chloroform, benzene, and amyl alcohol. 

All alkaloids are precipitated by phosphomolybdic 
and phosphotungstic acids, most of them by potassium 
mercuric iodide and many of them by tannic acid. 

Most of the alkaloids are optically active, generally 
laevorotatory. 

Many of the alkaloids are extremely poisonous, but 
in minute doses they are very valuable remedies. 

The alkaloids here considered are of vegetable origin, 
practically all coming from dicotyledonous plants. 

We shall consider now some of the facts that are 
known in regard to the structure of alkaloids. 

PYRIDINE DERIVATIVES. 
It is necessary to designate the positions of groups in 
the pyridine ring thus : 

CH(r) 

(^)HC/\CHC8) 
(a')Hcl!^JcH(a). 
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Pipeiidine is the simplest derivative, 
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H2C 
H2C 



CH2 



NH 



CH2 
CH2* 



Coniine is a-propyl piperidine, 



H2C 



CH2 

/NcHa 



NH 



CH — CH2 • CH2 • CH3 



Nicotine is a pyrrol derivative (see p. 317) of pjrridine,. 
the attachment of the pyrrol ring to pjrridine being in 
the ^ position (pyridyl-^S-tetrahydromethyl pyrrol) : 



CH 

HCA^ 



H2C 



HC 



1CH2 



N 



HC\/ 
CH N 

I 
CH3 



CH2 



Coniine and nicotine have marked similarities; both 
are volatile Uquids having a strong odour, and both are 
very poisonous. Coniine is obtained from hemlock-seed, 
and nicotine from tobacco. Both are strongly alka- 



332 



ORGANIC CHEMISTRY. 



line to litmus. Synthetic a-propyl piperidine is iden- 
tical with coniine, except that it is optically inactive. 
Optically active coniine can be obtained from this by 
securing crystals of the tartrate of coniine, the first crop 
of crystals containing only dextroconiine. This was 
the first synthesis (1886) of a natural alkaloid. 

Pilocarpine has been considered a pyridine derivative, 
but this is disputed. 

The artificial alkaloids a- and /?- eucaine are complex 
piperidine bodies. Euphthalmine is a derivative of 
i(?-eucaine. 



C6H5CO(\C/OOC CHg CeHsCOOsn .H 



HoC 



H- 



CH2 



C^VV 



N 

I 
CH3 

(a-eucaine) 



H3 



H2C 



HsCv yCHs HaCv 



CH, 



/ 



H 



../V'^^ 

i 



HC3/ )f ^sH 



C9-eucaine) 



PYRROLIDINE DERIVATIVES. 

The alkaloids of the cocaine and atropine group are 
all pjrrrolidine derivatives. This class of alkaloids is of 
great pharmacological importance. Cocaine is an in- 
valuable local anaesthetic, while members of the atro- 
pine group are used to dilate the pupil. The basal 
substance for all of these compoimds is tropine. This 
has, as will be noticed, a secondary closed carbon 
chain: 
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HgCj 1 C H» 



GH 




GH, 



CHOH 

Tropic acid has the formula 

r TT rtTT/CH20H 
^«^s— ^^\COOH • 

Atropine is the tropine ester (tropine being an alco- 
hol) of tropic acid, its formula being 

HgCi 1 G H, 



HG 



HaC 




CH3 



GH 



GHt 



GH 

OOC-C H<J^^f^^ 




Atropine and its isomers have the same pharma- 
cological action. 
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If in tropine an H atom of a CH2 group of the second- 
ary ring be replaced by COOH, ecgonine is obtained : 



H,C 



HC 



HsG 




Cfi, 



GHs 



CH 




-^H 



C< 



COOH 



CHOH 



From this is derived cocaine, which is the methyl 
ester of benzoyl ecgonine : 



HsC 



HG 



H,C 




CH3 



CHt 



CH 




-H 
COO-CH, 



^^OOC-C^H^ 



1j 
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Besides this similarity of cocaine to atropine in chem- 
ical structm-e, there are marked resemblances in phar- 
macological action. 

QUINOLINE DERIVATIVES. 

The chief alkaloids of this class are the cinchona alka- 
loids. The following formula has been suggested for 
dnchonine: 




Quinine has the same formula, except that an H atom 
at the position marked (X) is replaced by the methoxy 
group (OCH3). 

Strychnine and brucine are believed to be quinoUne 
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derivatives, but their structiire has not been fiiUy 
worked out. The natiu-e of the nitrogen linkings is 
known. Strychnine may be represented as 



(C2oH220)t: — *^v^ 



Brucine dififers from it in having two methoxy (OCH3) 
groups in the place of two hydrogen atoms and in drc^- 
ping out ON : 

(C2oH2o(OCH3)2)^;^ — CO 




Methyl strychnine is obtained as follows: strychnine 
is treated with methyl iodide; an addition compound is 
formed, C2iH22N202lCH3, the N atom which has the 
triple bond changing its valence from III to V in order 
to attach the I and CH3; when this is treated with 
silver sulphate and barium hydroxide solution the 
product is the ammonium base, C2iH22N202-CH3(OH); 
on standing this becomes methyl strychnine, 



^N ^H3 

(C20H22O)< ^ 



^co/^ 



\ 



Dimethyl strychnine has the same formula, except 
that CH3 is substituted for H in the NH group. This 
is produced from methyl strychnine in exactly the 
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same maimer as the latter is derived from strychnine; 
in this case, however, no oxygen is introduced into 
the molecule, but only CH3. 



ISOQUINOLINE DERIVATIVES. 

The minor ojrium alkaloids, papaverine, narcotine, 
and narceme, also hydrastine and herherine, belong to 
this group. These alkaloids are of very little impor- 
tance (except hydrastine) therapeutically. Papaverine 
has the simplest structure; it is tetramethoxybenzyl- 
isoquinoline; its formula is 



O-CH3 



H3CO-C1 
H3CO— C 




w 
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Hydrastine has a similar but more complicated 
structure: 



H2C 




Narcotine is methoxyhydrastine, the OCH3 ^oup 
taking the place of H at (X). 

Hydrastinine is an alkaloid prepared by oxidation of 
hydrastine with nitric acid. It has a much stronger 
physiological action than hydrastine. 
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MORPHOLINE DERIVATIVES. 

These are morphine, codeine, and thebaine, all of them 
being alkaloids present in opium. Derivatives of mor- 
phine artificially produced are apiomorphine, dionine, 
heroine and peronine. 

Morphine is the most valuable alkaloid for therapeutic 
purposes that we have: Its derivatives are much weaker 
in physiological action. 

Methyl morpholine condensed with dihydroxyphe- 
nanthrene is supposed to make up the morphine mole- 
cule: 



CH 



CH, 



N-CHj 



HC 



HC 




CH, 



CH, 



There is a difference of opinion as to where the two 
hydroxyls should be attached. The following formula 
has been proposed recently: 
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' H,C 




HC 



HC 




C-OH 



GH 



N-CHs 




CH. 



CH, 



HiC 




C-OH 



CH 



Codeine has the above formula, with CH3 substituted 
for the H of one OH group. Thus codeine is the 
monomethyl ether of morphine. Codeine has been 
prepared from morphine by treating the latter with 
methyl iodide in the presence of caustic potash (see 
exp. below): 

Ci7Hi7NO(OH)2+CH3l+KOH=Ci7Hi7NO(OH)(OCH3) 

(Morphine) (Codeine) 

+KI+H20, 

Thebaine has two less hydrogen atoms attached to 
the phenanthrene nucleus, and has two OCH3 groups 
in place of the two hydroxyls of morphine. 



ALKALOIDS AND DRUG PRINCIPLES. 341 

By the action of concentrated mineral acids, a mole- 
cule of water can be removed from morphine, producing 
apomorphine: 

C17H19NO3-H2O =Ci7Hi7N02. 
(Morphine) (Apomorphine) 

It is supposed that in apomorphine the phenanthrene 
nucleus is condensed with quinoline instead of with 
morpholine. 

Other derivatives of morphine have been recently put 
forward as therapeutic agents. 

Dionine is the hydrochloride of the ethyl ether of 
morphine, Ci7Hi7NO(OH)(OC2H5) HCl. 

Heroine is diacetylmorphine, 



^i^^i^^^^Socch!- 



Peronine is the hydi;ochloride of the benzyl ether of 
morphine, 

Ci7Hi7NO(OH)(OCH2C6H5) -HCl. 

Experiments. (1) Test solutions of morphine sul- 
phate and quinine sulphate with alkaloidal reagents, 
as phosphomolybdic acid, mercuric potassium iodide, 
and tannic acid solutions. 

(2) Produce codeine. Dissolve 1 gm. of morphine 
(pure alkaloid) in 30 c.c. of pure methyl alcohol, attach 
a wide vertical air-condenser tube, through this tube 
drop pieces of clean metallic sodium the size of a bean, 
after one piece becomes dissolved drop in another, and 
so on until the alcohol will dissolve no more sodium. 
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meanwhile keeping the flask cool. To this sodium 
methylate-morphine mixtiu'e add 10 gm. of methyl 
iodide and heat in a water bath at 90° for two to three 
hours, using a reflux condenser. Add 20 c.c. of water 
and distil off- all volatile materials on a boiUng water 
bath. Cool, transfer to a separating funnel, and shake 
with several portions of benzene. Dry the combined 
benzene extracts with calcium chloride, filter into an 
evaporating dish, and evaporate to dr3miess on a water 
bath. Dissolve some of the residue with 2% HCl, 
warming gently. 

Test a drop of the solution with potassium mercuric 
iodide solution. Also make the following tests: (a) 
make a paste of some ammonium molybdate with a few 
drops of C.P. H2SO4, add a drop of the alkaloid solu- 
tion — ^a blue colour is obtained; (fe) to a few drops of 
the solution add 2 c.c. of H2SO4 containing 1 drop of 
formaline— a reddish«violet colour. These two tests 
are given also by morphine, but morphine cannot be 
extracted by means of benzene. A test given by 
codeine, but not by morphine, is this: to the residue 
in the evaporating dish add about 1 c.c. of 20% H2SO4 
and warm — ^a faiiit pink colour appears. 

DRUG PRINCIPLES OF UNKNOWN STRUCTURE. 

Cantharidin, C10H12O4, is a benzene derivative. 
Picrotoxin is C30H34O13 (or C46H60O19). 
Aloin has the formula CieHieOy, 
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Note to the Instructor.^ If it is desired to shorten 
the time given to the experiments, we would advise 
omitting the following: preparation of phenol from 
potassium benzene sulphonate (see p. 294), preparation 
of hippurie acid from urine (see p. 278), the diazonium 
experiments (see p. 289). preparation of sulphanilic 
acid (see p. 307), of quinoline (see p. 325), and of 
codeine (see p. 341). 

Diazonium salt may be prepared as a demonstration 
by the instructor. 

To permit of using one apparatus (as a Beckmann 
apparatus or a combustion furnace) with the entire 
class, we would suggest dividing the class or a section 
of it into five groups of three or four men each, the men 
of each group working together on a particular experi- 
ment, but the various groups performing different ex- 
periments on the same day. For example, one group 

^ We can recommend as valuable books for reference the 
text-books of organic chemistry by Remsen, HoUeman, W. A. 
Noyes. Bernthsen, and Meyer, and Jacobson, the laboratory 
manuals by Gattermann (translated by Schober) and Cohen, 
and "Introduction to Physical Chemistry," by Walker. 
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may do crystallization and melting-point experiments 
(see pp. 9, 10), a second may carry out fractional dis- 
tillation (see p. 12) and boiling-point determination 
(see p. 16), a third may make specific gravity deter- 
minations (see p. 19), a fourth may do a combustion 
analysis (see p. 26), and a fifth may use the Beckmann 
apparatus (see p. 49). ' Each group will, of course, have 
to take the experiments in a dififerent order, thus: 

Group I, Lessons 1, 2, 3, 4, 5. 
" II, " 2,3,4,5,1. 
" III, '' 3, 4, 5, 1, 2. 
- IV, - 4,5,1,2,3. 
" V, " 5,1,2,3,4. 

Spellings. We have retained the ending " ine '' in the 
case of amines and alkaloids, with the idea of indicating 
by this means the organic substances that are dt&' 
tinctly basic in character. 

FormidcB. We strongly advise that the learning of 
empirical formulae by the student be discouraged, but 
that, on the other hand, the student be thoroughly 
drilled in giving structural formulae. 
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TABLE I. 
Specific Gravity and Percentage of Alcohol. 

[According to Squibb.] 



Per 


Per 


Specific 


Gravity. 


Per 


Per 


Specific Gravity. 


Cent 


Cent 
Alcohol 






Cent 
Alcohol 


Cent 
Alcohol 






Alcohol 










by 
Volume. 


by 
Weight. 


At 
15.56° 


At 
25° 


by 
Volume. 


by 
Weight. 


At 
15.56° 
15.56"^- 


At 
25° 
15.56^* 






15.56 ^• 


15.56^- 






1 


0.79 


0.9985 


0.9970 


31 


25.51 


0.9643 


0.9594 


2 


1.59 


.9970 


.9953 


32 


26.37 


.9631 


.9582 


3 


2.39 


.9956 


.9938 


33 


27.23 


.9618 


.9567 


4 


3.20 


.9942 


.9922 


34 


28.09 


.9609 


.9556 


5 


4.00 


.9930 


.9909 


35 


28.96 


.9593 


.9538 


6 


4.80 


.9914 


.9893 


36 


29.83 


.9578 


.9521 


7 


5.61 


.9898 


.9876 


37 


30.70 


.9565 


.9507 


8. 


6.42 


.9890 


.9868 


38 


31.58 


.9550 


.9489 


9 


7.23 


.9878 


.9855 


39 


32.46 


.9535 


.9473 


10 


8.04 


.9869 


.9846 


40 


33.35 


.9519 


.9456 


11 


8.86 


.9855 


.9831 


41 


34.24 


.9503 


.9438 


12 


9.67 


.9841 


.9816 


42 


35.13 


.9490 


.9424 


13 


10.49 


.9828 


.9801 


43 


36.03 


.9470 


.9402 


14 


11.31 


.9821 


.9793 


44 


36.93 


.9452 


.9382 


15 


12.13 


.9815 


.9787 


45 


37.84 


.9434 


.9363 


16 


12.95 


.9802 


.9773 


46 


38.75 


.9416 


.9343 


17 


13.78 


.9789 


.9759 


47 


39.67 


.9396 


.9323 


18 


14.60 


.9778 


.9746 


48 


40.60 


.9381 


.9307 


19 


15.43 


.9766 


.9733 


49 


41.52 


.9362 


.9288 


20 


16.26 


.9760 


.9726 


50 


42.52 


.9343 


.9267 


21 


17.09 


.9753 


.9719 


51 


43.47 


.9323 


.9246 


22 


17.92 


.9741 


.9706 


52 


44.42 


.9303 


.9226 


23 


18.76 


.9728 


.9692 


53 


45.36 


.9283 


.9205 


24 


19.59 


.9716 


.9678 


54 


46.32 


.9262 


. .9184 


• 25 


20.43 


.9709 


.9668 


55 


47.29 


.9242 


.9164 


26 


.21.27 


.9698 


.9655 


56 


48.26 


.9221 


.9143 


27 


22.11 


.9691 


.9646 


57 


49.23 


.9200 


.9122 


28 


22.96 


.9678 


.9631 


58 


50.21 


.9178 


.9100 


29 


23.81 


.9665 


.9617 


59 


51.20 


.9160 


.9081 


30 


24.66 


.9652 


.9603 


60 


52.20 


.9135 


.9056 
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TABLE 1— Continued 
[According to Squibb.] 



Per 


Per 


Specific 


Gravity. 


Per 


Per 


Specific 


Gravity. 


Cent 


Cent 
Alcohol 






Cent 
Alcohol 


Cent 
Alcohol 






Alcohol 










by 
Volume. 


by 
Wright. 


At 
15.56° 
15.56 ^• 


At 
25° 
15.56^- 


by 
Volume. 


by 
Weight. 


At 
15.56° 


At 
25° 
15.56^- 




15.56 ^• 


61 


53.20 


0.9113 


0.9034 


81 


74.74 


0.8611 


0.8530 


62 


54.21 


.9090 


.9011 


82 


75.91 


.8581 


.8500 


63 


55.21 


.9069 


.8989 


83 


77.09 


.8557 


.8476 


64 


56.22 


.9047 


.8969 


84 


78.29 


.8526 


.8444 


65 


57.20 


.9025 


.8947 


85 


79.50 


.8496 


.8414 


66 


58.27 


.9001 


.8923 


86 


80.71 


.8466 


.8384 


67 


59.32 


.8973 


.8895 


87 


81.94 


.8434 


.8352 


68 


60.38 


.8949 


.8870 


88 


83.19 


.8408 


.8326 


69 


61.42 


.8925 


.8846 


89 


84.46 


.8373 


.8291 


70 


62.50 


.8900 


.8821 


90 


85.75 


.8340 


.8258 


, 71 


63.58 


.8875 


.8796 


91 


87.00 


.8305 


.8223 


72 


64.66 


.8850 


.8771 


92 


88.37 


.8272 


.8191 


73 


65.74 


.8825 


.8746 


93 


89.71 


.8237 


.8156 


74 


66.83 


.8799 


.8719 


94 


91.07 


.8199 


.8118 


75 


67.93 


.8769 


.8689 


95 


92.46 


.8164 


.8083 


76 


69.05 


.8745 


.8665 


96 


93.89 


.8125 


.8044 


77 


70.18 


.8721 


.8641 


97 


95.34 


.8084 


.8003 


78 


71.31 


.8696 


.8616 


98 


96.84 


.8041 


.7960 


79 


72.45 


.8664 


.8583 


99 


98.39 


.7995 


.7914 


80 


73.59 


.8639 


.8558 


100 


100.00 


.7946 


.7865 
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TABLE n. 

Weight in Miluqbams op 1 c.c. of Moist Nitbooen at Vabious 

Tbmpbbatubbs and under Various Pressures (Millimetres 

OF Mercury). 



Tem- 
perature. 


788 


730 


733 


734 


736 


738 


740 


743 


10° 


1.1466 


1 . 1498 


1.1529 


1.1561 


1.1593 


1 . 1625 


1 . 1657 


1.1689 


11° 


1.1415 


1 . 1447 


1.1479 


1.1511 


1.1542 


1.1574 


1.1606 


1.1638 


12° 


1.1364 


1.1396 


1.1428 


1.1459 


1 . 1491 


1.1523 


1.1554 


1.1586 


13° 


1.1314 


1 . 1345 


1.1377 


1.1409 


1.1440 


1 . 1472 


1.1503 


1.1535 


14° 


1.1263 


1.1294 


1.1326 


1 . 1357 


1 . 1389 


1.1420 


1 . 1452 


1.1483 


15° 


1.1211 


1.1243 


1.1274 


1.1305 


1.1337 


1.1368 


1.1399 


1 . 1431 


16° 


1.1160 


1.1191 


1.1222 


1.1253 


1.1285 


1.1316 


1.1347 


1 . 1378 


17° 


1.1107 


1.1138 


1.1170 


1.1201 


1.1232 


1.1263 


1.1294 


1.1325 


18° 


1.1054 


1.1085 


1.1117 


1.1148 


1.1179 


1.1209 


1.1241 


1.1272 


19° 


1.1001 


1 . 1032 


1.1063 


1.1094 


1.1125 


1.1156 


1.1187 


1.1218 


20° 


1.0948 


1.0979 


1.1009 


1.1040 


1.1071 


1.1102 


1.1133 


1.1164 


21° 


1.0894 


1.0924 


1.0955 


1.0986 


1.1017 


1.1047 


1.1078 


1.1109 


22° 


1.0839 


1.0870 


1.0900 


1.0931 


1.0961 


1.0992 


1.1023 


1.1053 


23° 


1.0784 


1.0814 


1.0845 


1.0875 


1.0906 


1.0936 


1.0967 


1.0997 


24° 


1.0728 


1.0758 


1.0789 


1.0819 


1.0849 


1.0880 


1.0910 


1.0940 


25° 


1.0671 


1.0701 


1.0732 


1.0762 


1.0792 


1.0823 


1.0853 


1.0883 


Temp. 


744 


746 


748 


760 


763 


764 


766 


768 


10° 


1.1721 


1.1753 


1.1785 


1.1817 


1.1848 


1.1880 


1.1912 


1 . 1944 


11° 


1 . 1670 


1 . 1701 


1 . 1733 


1.1765 


1.1797 


1.1829 


1.1860 


1 . 1892 


12° 


1.1618 


1.1649 


1.1681 


1.1713 


1 . 1744 


1.1776 


1.1808 


1.1839 


13° 


1.1566 


1 . 1698 


1.1630 


1.1661 


1.1693 


1 . 1724 


1.1756 


1 . 1787 


14° 


1.1615 


1.1546 


1.1577 


1.1609 


1.1640 


1.1672 


1.1703 


1.1735 


15° 


1.1462 


1 . 1493 


1.1525 


1.1556 


1.1587 


1.1619 


1.1650 


1.1681 


16° 


1.1409 


1 . 1441 


1.1472 


1.1503 


1.1534 


1.1566 


1.1597 


1.1628 


17° 


1.1356 


1.1387 


1.1419 


1.1450 


1 . 1481 


1.1512 


1.1543 


1.1574 


18° 


L.1303 


1 . 1334 


1.1365 


1.1396 


1.1427 


1.1458 


1 . 1489 


1.1520 


19° 


1.1248 


1.1279 


1.1310 


1 . 1341 


1 . 1372 


1.1403 


1.1434 


1 . 1465 


20° 


1.1194 


1 . 1225 


1.1256 


1.1287 


1.1318 


1 . 1348 


1.1379 


1.1410 


21° 


1.1139 


1.1170 


1.1201 


1.1231 


1 . 1262 


1.1293 


1.1324 


1 . 1354 


22° 


1.1084 


1.1115 


1.1145 


1.1176 


1.1206 


1.1237 


1.1268 


1.1298 


23° 


1.1028 


1.1058 


1.1089 


1.1119 


1.1150 


1.1180 


1.1211 


1.1241 


21° 


1.0971 


1.1001 


1 . 1032 


1.1062 


1.1092 


1.1123 


1.1153 


1.1184 


25° 


1.0913 


1.0944 


1.0974 


1.1004 


1.1035 


1.1065 


1.1095 


1.1126 


Temp. 


760 


763 


764 


766 


768 


770 


773 


774 


10° 


1.1976 


1.2008 


1.2040 


1.2072 


1.2104 


1.2136 


1.2167 


1.2199 


11° 


1 .1924 


1.1956 


1.1988 


1.2019 


1.2051 


1.2083 


1.2115 


1.2147 


12° 


1.1871 


1.1903 


1.1934 


1.1966 


1.1998 


1.2029 


1.2061 


1.2093 


13° 


1.1819 


1 . 1851 


1.1882 


1.1914 


1 . 1945 


1 . 1977 


1.2008 


1.2040 


14° 


1.1766 


1 . 1798 


1.1829 


1.1861 


1 .J892 


1.1923 


1 . 1955 


1.1986 


15° 


1.1713 


1.1744 


1 . 1775 


1.1807 


1.1838 


1.1869 


1.1901 


1 . 1932 


16° 


1.1659 


1 . 1691 


1.1722 


1.1753 


1 . 1784 


1.1816 


1 . 1847 


1.1878 


17° 


1.1605 


1.1636 


1.1667 


1.1699 


1.1730 


1.1761 


1.1792 


1.1823 


18° 


1.1551 


1.1582 


1.1613 


1.1644 


1.1675 


1.1706 


1.1737 


1.1768 


19° 


1.1496 


1.1527 


1.1558 


1.1589 


1.1620 


1.1650 


1.1681 


1.1712 


20° 


1.1441 


1.1472 


1.1502 


1.1533 


1.1564 


1.1595 


1.1626 


1.1657 


21° 


1.1385 


1.1416 


1.1446 


1.1477 


1.1508 


1.1^9 


1.1569 


1.1600 


22° 


1.1329 


1 . 1359 


1.1390 


1.1429 


1.1451 


1.1482 


1.1512 


1.1543 


23° 


1.1272 


1.1302 


1 . 1333 


1.1363 


1.1394 


1.1424 


1.1455 


1.1485 


24° 


1.1214 


1.1244 


1.1275 


1.13u5 


1.1336 


1.1366 


1 . 1396 


1.1427 


25° 


1.1156 


1.1186 


1.1216 


1.1247 


1.1277 


1.1307 


1.1338 


1.1368 
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TABLE III. 

Vapour Tension (Aqubous Pbbssxjrb in Millimbtbes op Mbbcubt{ 
op Water at Various Tbmpbbaturbs.* 



Tem- 


Prea- 


Tem- 


Pres- 


Tem- 


Pres- 


Tem- 


Pres- 


pera- 
ture. 


sure. 


pera- 
ture. 


sure. 


pera- 
ture. 


sure. 


pera- 
ture. 


sure. 


10.0° 


9.140 


12.8° 


10.993 


15.6° 


13.170 


18.4^ 


15.719 


10.1 


9.201 


12.9 


11.065 


15.7 


13.254 


18.5 


15.818 


10.2 


9.262 


13.0 


11.137 


15.8 


13.339 


18.6 


15.917 


10.3 


9.32 


13.1 


11.210 


15.9 


13.424 


18.7 


16.017 


10.4 


9.38C 


13.2 


11.283 


16.0 


13.510 


18.8 


16.117 


10.5 


9.449 


13.3 


11.356 


16.1 


13.596 


18.9 


16.218 


10.6 


9.512 


13.4 


11.430 


16.2 


13.683 


19.0 


16.319 


10.7 


9.575 


13.5 


11.505 


16.3 


13.770 


19.1 


16.421 


10.8 


9.639 


13.6 


11.580 


16.4 


13.858 


19.2 


16.523 


10.9 


9.703 


13.7 


11.655 


16.5 


13.946 


19.3 


16.626 


11.0 


9.767 


13.8 


11.731 


16.6 


14.035 


19.4 


16.730 


11.1 


9.832 


13.9 


11.807 


16.7 


14.124 


19.5 


16.834 


11.2 


9.897 


14.0 


11.884 


16.8 


14.214 


19.6 


16.939 


11.3 


9.962 


14.1 


11.960 


16.9 


14.304 


19.7 


17.044 


11.4 


10.028 


14.2 


12.038 


17.0 


14.395 


19.8 


17.150 


11.5 


10.095 


14.3 


12.116 


17.1 


14.486 


19.9 


17.266 


11.6 


10.161 


14.4 


12.194 


17.2 


14.578 


20.0 


17.363 


11.7 


10.228 


14.5 


12.273 


17.3 


14.670 


20.1 


'17.471^ 


11.8 


10.296 


14.6 


12.352 


17.4 


14.763 


20.2 


17.579 


11.9 


10.364 


14.7 


12.432 


17.5 


14.856 


20.3 


17.688 


12.0 


10.432 


14.8 


12.512 


17.6 


14.950 


20.4 


17.797 


12.1 


10.501 


14.9 


12.593 


17.7 


15.044 


20.5 


17.907 


12.2 


10.570 


15.0 


12.674 


17.8 


15.139 


20.6 


18.018 


12.3 


10.639 


15.1 


12.755 


17.9 


15.234 


20.7 


18.129 


12.4 


10.709 


15.2 


12.837 


18.0 


15.330 


2D. 8 


18.241 


12.5 


10.780 


15.3 


12.920 


18.1 


15.427 


-20.0 


18.353 


12.6 


10.850 


15.4 


13.003 


18.2 


15.524 


21.0 


18.495 


12.7 


10.921 


15.5 


13.086 


18.3 


15.621 







1 This table is taken from Cohen's "Practical Organic Chemistry." We 
notice that the figures given here are uniformly less than those given in 
Regnault's table by, on the average, 0.0258. 
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TABLE IV. 
Spboifio Gravity and Pbrcentaob of NaOH in Aqueous Solution. 



Specific 


Per Cent 


Gm. NaOH 


Specific 
Gravity 
at 15°. 


Per Cent 


Gm. NaOH 


Gravity 
at 16°. 


NaOH. 


in 100 c.c. 


NaOH. 


in 100 c.c. 


1.007 


0.61 


0.6 


1.220 


19.58 


23.9 


1.014 


1.20 


1.2 


1.231 


20.59 


25.3 


1.022 


2.00 


2.1 


1.241 


21.42 


26.6 


1.029 


, 2.71 


2.8 


1.252 


22.64 


28.3 


1.036 


3.35 


3.5 


1.263 


23.67 


29.9 


1.045 


. 4.00 


4.2 


1.274 


24.81 


31.6 


1.052 


4.64 


4.9 


1.285 


25.80 


33.2 


1.060 


5.29 


5.6 


1.297 


26.83 


34.8 


1.067 


5.87 


6.3 


1.308 


27.80 


36.4 


1.075 


6.55 


7.0 


1.320 


28.83 


38.1 


1.083 


7.31 


7.9 


1.332 


29.93 


39.9 


1.091 


8.00 


8.7 


1.345 


31.22 


42.0 ' 


1.100 


8.68 


9.5 


1.357 


32.47 


44.1 


1.108 


9.42 


10.4 


1.370 


33.69 


46.2 


1.116 


10.06 


11.2 


1.384 


34.96 


48.3 


1.125 


10.97 


12.3 


1.397 


36.25 


50.6 


1.134 


11.84 


13.4 


1.410 


37.47 


52.8 


1.142 


12.64 


14.4 


1.424 


38.80 


55.3 


1.152 


13.55 


15.6 


1.438 


39.99 


57.5 


1.162 


14.37 


16.7 


1.453 


41.41 


60.2 


1.171 


15.13 


17.7 


1.468 


42.83 


62.9 


1.180 


15.91 


18.8 


1.483 


44.38 


65.8 


1.190 


16.77 


20.0 


1.498 


46.15 


69.1 


1.200 


17.67 


21.2 


1.514 


47.60 


72.1 


1.210 


18.58 


22.5 


1.530 


49.02 


75.0 
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TABLE V. 
Specific Gbavity and Pbrckntagk of KOH in Aqueous Solution. 



Specific 
Gravity 
at 15». 


Per Cent 
KOH. 


Gm. KOH 
in 100 c.c. 


Gravity 
at 15°. 


Per Cent 
KOH. 


Gm. KOH 
in 100 c.c. 


1.007 


0.9 


0.9 


1.262 


27.0 


33.8 


1.014 


1.7 


1.7 


1.263 


28.0 


35.3 


1.022 


2.6 


2.6 


1.274 


28.9 


36.8 


1.029 


3.6 


3.6 


1.286 


29.8 


38.6 


1.037 


4.6 


4.6 


1.297 


30.7 


39.8 


1.046 


6.6. 


6.8 


1.308 


31.8 


41.6 


1.062 


6.4 


6.7 


1.320 


32.7 


43.2 


1.060 


7.4 


7.8 


1.332 


33.7 


44.9 


1.067 


8.2 


8.8 


1.345 


34.9 


46.9 


1.076 


9.2 


9.9 


1.367 


36.9 


48.7 


1.083 


10.1 


10.9 


1.370 


36.9 


60.6 


1.091 


10.9 


11.9 


1.383 


37.8 


62.2 


1.100 


12.0 


13.2 


1.397 


38.9 


64.3 


1.108 


12.9 


14.3 


1.410 


39.9 


66.3 


1.116 


13.8 


16.3 


1.424 


40.9 


58.2 


1.126 


14.8 


16.7 


1.438 


42.1 


60.5 


1.134 


16.7 


17.8 


1.463 


43.4 


63.1 


1.142 


16.5 


18.8 


1.468 


44.6 


'66.5 


1.162 


17.6 


20.3 


1.483 


46.8 


67.9 


1.162 


18.6 


21.6 


1.498 


47.1 


70.6 


1.171 


19.6 


22.8 


1.614 


48.3 


73.1 


1.180 


20.6 


24.2 


1.630 


49.4 


75.6 


1.190 


21.4 


26.6 


1.546 


60.6 


77.9 


1.200 


22.4 


26.9 


1.663 


61.9 


81.1 


1.210 


23.3 


28.2 


1.680 


63.2 


84.0 


1.220 


24.2 


29.5 


1.697 


54.5 


87.0 


1.231 


26.1 


30.9 


1.616 


55.9 


90.2 


1.241 


26.1 


32.4 


1.634 


57.5 


94.0 
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TABLE VL 

AOBTIO A OID. 



Specific Gravity at 15** of 
Various Concentrations. 


Freesins-point, as Affected by 
Water-content. 


Per 
Cent of 
Acetic 

Acid. 


Specific 
Gravity 


Per 
Cent of 
Acetic 
Acid. 


Specific 
Gravity 


Per 
Cent of 
Water. 


Frees- 

ing- 
point. 


Per 
Cent of 
Water. 


Frees- 

ing- 
pornt. 


10.0 
20.0 
30.0 
40.0 
60.0 


1.014 
1.028 
1.041 
1.052 
1.062 


60.0 
70.0 
80.0 
90.0 
100.0 


1.069 
1.073 
1.075 
1.071 
1.055 


1.0 
2.0 
2.9 
3.8 

4.8 


14.8° 
13.25 
11.95 
10.5 
9.4 


5.6 
6.5 
8.3 
9.1 
9.9 


8.2° 

7.1 

5.3 

4.3 

3.6 



INDEX. 



Absolute alcohol, 97 
Acetaldehyde, 101, 104 
Acetaldehyde cyanhydrin, 101 
Acetamide, 187 
Acetaminophenetole, 297 
Acetanilide, 286 
Acetates, 117 
Acetic acid, 113 

'' , glacial, 115 
*' metallic salts, 117 
" " , freezing - point ta- 
ble, 351 
" " , mol. wt. determi- 
nation by silver 
salt, 56 
" " , specific gravity ta^- 
ble, 351 
'' tests, 115 
Acetic anhydride, 151 
Acetic ether, 130 
Aceto-acetic acid, 140, 170 
Acetone, 139, 252 
Acetonitrile, 156 
Acetophenone, 313 
Acetozone, 271 
Acetphenetidin, 297 
Acetylation, 129, 151 
Acetyl chloride, 118 
Acetylene, 233 
Acetylenes, 229, 233 
Acetyl group, 118 

** paraminophenol, 287 
' ' paraminophenyl salicy- 
late, 301 
" salicylic acid, 301 
*' value, 151 



Acid amides, 73, 186 
'* chlorides, 118 
** imides, 197 
'* strength, estimation of, 

132 
'' value, 150 
Acids, 71 
^ ' , aromatic, 273 
' ' , dibasic aromatic, 279 
* '* , fatty, 109 
' ' , monobasic aromatic, 273 
** , monobasic, dibasic, etc., 

71 
" , strength of, 123 
Aconitine, 330 
Acrolein, 232 
Acrylic acid, 232 
Acrylic aldehyde, 232 
Adenin, 205 
Adonidin, 228 
Adrenalin, 304 
Agaric acid, 173 
Agaricinic acid, 173 
Aggregates of molecules, 56 
Airol, 303 

Alanin, 182, 214, 215 
Alcohol, absolute, 97 

'' , denatured or methyla- 
ted, 97 
" , ordinary, 97 
" , specific gravity tables, 
345 
Alcohols, 68 

" , aromatic, 268 
'* ,diacid, 141 
" , monacid,diacid,etc.,70 
353 



354 



INDEX, 



Alcohols, monacid primary, 93 
' ' , oxidation products of, 

70 
'* , primary. 68, 92 
'' , secondary, 68, 138 
'' , tertiary, 68, 140 
, triacid, 146 

Aldehyde, 104 

acid, 171 
** ammonia, 101, 106 

'' bisulphite, 101 

group, 71 
tests, 106 

Aldehydes, 70, 100 

' * , aromatic, 268 

Aldohexose, 212 

Aldol, 104 

Aldol condensation, 213 

Aldose, 212 

Aliphatic division of organic 
chemistry, 62 

Alizarin, 321 

Alkaloidal precipitants, 330 

Alkaloids, 328 

Alkyl halides, 81 

Alkyls, 67 

Allantoin, 204 

Alloxan, 199 

AUoxuric bodies, 205 

AUvl alcohol, 232' 

isothiocyanate, 233 
'' radicle, 232 
" sulphide, 233 
** sulphocarbamide, 233 
*' thiourea, 233 

Aloin, 342 

Alpha naphthol, 320 

Alpha naphthylamine, 320 

Amido acids, 180 

Amido group, ^2 

Amines, 157 

Amines, mixed aromatic fatty, 
285 

Aminoacetic acid, 182 

Aminoacetphenetidin, 297 

Amino acids, 73, 180, 214 

Aminoazobenzene, 290 

Aminobenzoic acids, 277 

Amino compounds, aromatic, 
283 

^-Aminoeth^lsulphonic acid, 185 

Aminoformic acid, 180 



ar-Aminoglutaric acid, 183 
Aminohexose, 215 
a-Aminoisobutylacetic acid, 182 
Aminophenols, 287, 296 
a-Aminopropionic acid, 182 
Aminosuccinic acid, 183 
Aminovaleric acid, 182 
Ammonia derivatives, 72 
Ammonium carbamate, 180 
Ammonium cyanate, 191 
Amphoteric reaction, 312 
Amygdalin, 228, 270 
Amy! alcohol, fermentation, 99 
'* '* , inactive, 99 

" '' , normal, 99 

Amylene hydrate, 99 
Amyl nitrite, 162 
Amyloid, 224 
Amylum, 226 
Amyl valerate, 13 > 
Anaesthetics, 84, 87, 90 
Analgen, 325 
Analysis, elementary, 22 
Anhydrides, 120, 145, 279 
Anhydrolysis, 155 
AnUides, 286 
Aniline, 283 

'' derivatives of, 285 

'' salts, 283 
Anions, 52 
Anisole, 261 
Anozol, 88 
Anthracene, 320 
Anthracene oil, 242 
Anthranilic acid, 306 
Anthraquinone, 321 
Antifebrine, 287 
Antikamnia, 287 
Antinosin, 280 
Antipyretics, 287, 297 
Antipyrin, 292 
Apomorphine, 329, 339, 341 
Aqueous pressure, 348 
Arabinose, 211 
Arginase, 184 
Arginin, 183 
Aristol, 264 
Aromatic acids, 273 

'* alcohols, 268 

" amines, 285 

" bases having nitrogen 
in nucleus, 232 



INDEX. 



365 



Aromatic compounds, 62, 73, 

m 

compounds, having 

condensed rings, 317 

compounds, mixed, 

296 

" , synopsis of, 

326 
" , reactions 
of, 241 
hydroxy compounds, 

257 
ketones, 313 
nitrogen derivatives, 
281 

' ' sulphur derivatives, 
293 
Arsine, substitution derivatives- 

of, 162 
Asparagin, 190 
Aspartic acid, 183 
Aspirin, 301 

Asymmetric carbonation, 168 
Atomic weight of elements in 

organic compounds, 2 
Atropine, 333 
Auxochromes, 315 
Avogadro's hypothesis, 34 
Azobenzene, 290, 291, 292 

Baeyer's reagent, 231 

Baking powder, 176 

Bases, strength of, 123, 160 

Bassorin, 227 

Beckmann's thermometer, 47 

Beer, see Malt liquors 

Beet sugar, 221 

Benzal chloride, 270 

Benzaldehyde, 270 

Benzamide, 277 

Benzanilide, 287 

Benzene, 240, 242 

*' derivatives, 73 
" diazonium nitrate, 288 
" diazonium nitrite, 258 
" diazonium sulphonic 

acid, 308 
" , disubstitution prod- 
ucts of, 247 
" , homologues of, 250 
" , preparation of, 243 
!' ring, 246 



Benzene, structure of, '244 
' ' sulphonic acid, 293 

Benzeugenol, 316 

Benzine, 79 

Benzoates, 275 

Benzoic acid, 251, 255, 273, 289 
*' " , preparation of, 

275 
" '' , salts of, 275 

' ' ' ' , substitution prod- 

ucts of, 276 

Benzoic aldehyde, 269, 270 

Benzoin, 271, 274 

Benzol, 242 

Benzonitrile, 289 

Benzophenone, 313 

Benzoquinone, 314 

Benzosol, 265 

Benzosulphinide, 306 

Benzotrichloride, 274 

Benzoylacetyl peroxide, 271 

Benzoylaminoacetic acid, 277 

Benzoyl anilide, 287 

Benzoyl chloride, 274, 276, 277 

Benzoylation, 129, 276 

Benzyl acetate, 269 

Benzyl alcohol, 269 

Benzyl chloride, 266, 269, 279 

Benzyl methyl ether, 269 

Berberine, 329, 337 

Beta naphthol, 320 

Beta naphthylamine, 320 

Betol, 301 

Biological methods for testing 
molecular concentration, 43 

Biose, 210 

Bitter almonds, oil of, 270 

Biuret, 193 

Bim-et reaction, 193, 195 

Bleier and Kohn, vapour den- 
«ty determination, 36 

Boiling-point determination, 16 

Boyle's law, 34 

Branched chains, 65 

Brandy, 95 

Brombenzene, 254 

Bromoform, 87 

Brucine, a29, 336 

Butane, 63, 78 

Butyl alcohol, normal, 98 . 

Butyl chloral hydrate, 108 

Butyric acid, 135 
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Butyrin, 135, 145, 146 
Butyrolactone, 171 

Cacodylic acid, 162 

Cadaverine, 161 

Caffeine, 205, 206 

Camphor, 237 

'^ , artificial, 236 
*' monobromide, 237 

oU, 316 

Camphoric acid, 237 

Camphors, 235 

Cane sugar, 220, 221 

Cantharidin, 342 

Caoutchouc, 238 

Caproic acid, 137 

Caramel, 222 

Caraway, oil of, 264 

Carbamic acid, 180 

Carbamide, 190 

Carbinol, 94 

Carbohydrates, 73, 209 

Carbohc acid, 258 

Carbolic oil, 242 

Carbon atom, asymmetric, 168 
' * , detection of, 2 
' ' , estimation of, 22 
'* oxychloride, 85 
" tetrachloride, 77 

Carbonyl group, 71 

Carboxyl group, 71 

Carvacrol, 237, 263 

Castor oil, 233 

Catalytic action, 113, 130, 226 

Catechol, 265 

CoUoidin, 225 

CeUuloid, 225 

Cellulose, 224 

Cellulose nitrates, 225 

Centric benzene formula, 247 

Ceryl alcohol, 140 

Chemical structure, how deter- 
mined, 5 

Chloracetic acids, 277 

Chloral, 107 

Chloral alcoholate, 107 

Chloralamide, 108 

Chloral formamide, 108 

Chloral hydrate, 107 

Chloralose, 108 

Chloral substitutes, 108 

Chloranil, 286 



Chlorbenzene, 254, 290 
Chlorbenzoic acids, 255, 277 
Chlorbenzyl alcohol, 269 
Chloretone, 140 
Chlorhydrins, 147 
Chloroform, 84 

*' acetone, 140 

" , molecular weight 
determina- 
tion, 36 
Chlorpropionic acids, 135 
Chlortoluenes, 255 
Cholalic acid, 172 
Cholesterine, 238 
Cholesterol, 238 
Cholic acid, 172 
Choline, 160 

Chromophore group, 315 
Chrysarobin, 322 
Chrysophanic acid, 322 
Cinchonidine, 329 
Cinchonine, 324, 329, 335 
Cinnamic aldehyde, 315 
Cinnamon oil, 315 
Citrates, 179 
Citric acid, 179 
Closed carbon chains, 235 
Cloves, oil of, 316 
Coal gas, 77, 231 
Cocaine, 329, 334 
Codeine, 329, 339, 340 
Colchicine, 329 
Collodion, 225 
Colloidal solutions, 54, 55, 226, 

227 
Colloids, 226 
Combustion analysis, 22 

'* furnace, 23 

* ' analysis, modified 
when hsdogens 
present, 31 

** analysis, modified 
when nitrogen 
present, 28 

'* analysis, modified 
when sulphiir 
present, 31 
Condensation, 212, 2ia, 214 
Condensed benzene rings, 319 
Condensed ring compounds, 317 
Conductivity, electrical, 51 
Congo red, 311, 312, 313, 320 
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Ck>mme, 329, 330, 331 

Constants, 46 

Constitutional formula, see 

Structural 
Copper acetate, 117 
Copper acetylide, 234 
Copper-zinc couple, 76 
Cream of tartar, 176 
Creolin, 263 
Creosote, 263 
Creosote oil, 242 
Creosotol, 263 
Cresols, 263 
Croton chloral, 108 
Crotonic acid, 233 
Crystallization, 7 
Crystalloids, 54 
Crystals, purity of, 9 
Cyanacetic acid, 200 
Cyanamide, 191 
Cyanic acid, 191 
C^ranides, 72, 166 
Cyanides, aromatic, 294 
C^^anogen compoimds, 61 
C^anpropionic acids, 145 
Cyclic compounds, 235 
C^rclopentane, 235 
C^'^clopropane, 235 
C^rmene, 236, 237, 263 
C^nnogene, 79 
C^stein, 186, 214 
C^rstin, 185 

Dalton's law, 33 

Definition of organic chemistry, 

1 
Denatured alcohol, 97 
Depression of freezing-point by 

solutions, 45 
Dermatol, 303 
Destructive distillation, 114 
Developers, photographic, 265 
Dextrin, 96, 224, 226, 227 
Dextroconiine, 332 
Dextrolactic acid, 169 
Dextrorotation, 169 
Dextrose, 212, 213, 214,215,218 
Diabetes, 214, 218 
Diacid phenols, 265 
Dialuric acid, 202 
Dialysis, 17 
Diastase, 96 



Diazoaminobenzene, 290 

Diazoamino compounds, 290 

Diazo compoimds, 288 

Diazoniimi salts, 288 

Diazotizing, 259 

Dibasic aromatic acids, 279 

Dibrommethane, 84 

Dichloracetic acid, 122 

Dichlorhydrin, 147 

Dichlormethane, 84 

Diethyl oxalate, 189 

Digitalein, 228 

Digitaliretin, 228 

Dihydroxyacetone, 210 

Dihydroxyanthraquinone, 321 

Dihydroxy benzoic acid, 301 

Dihydroxydibasic acids, 173 

Dihydroxymonobasic acids, 171 

Dihydroxyphenylacetic acid, 304 

Dihydroxytoluene, 266 

Diiodoform, 88 

Diiodomethane, 84 

Diiodomethyl salicylate, 301 

Diketones, 314 

Dimethylamidoazobenzene, 311, 
312 

Dimethylamine, 160 

Dimethylaminoazobenzene, 290 

Dimethylaminoazobenzene-sul- 
phonic acid, 308 

Dimethylaniline, 286, 308 

Dimethyl strychnine, 336 

Dimethyl xanthin, 204 

Dinitrobenzene, 282 

Dionine, 339, 341 

Dioses, 210 

Dipeptides, 207 

Diphenyl amine, 286 

DiphenylaminoazobenzencHsul- 
phonic acid, 309 

Diphenylketone, 313 

Disaccharides, 210, 217 

EHssociation, electrolytic, 51 

Distillation, destructive, 114 
'* , fractional, 12 

" , steam, 14 
" , vacuimi, 14 

Dithymol diiodide, 264 

Drug principles, 328, 342 

Dulcitol, 214 

Dumas, vapour density deter- 
mination, 35 
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Durene, 250 
Dyes, 315 

Dynamic bonds, 247 
Dynamite, 148 

Ecgonine, 334 
Eka-iodoform, 88 
Electrical conductivity of solu- 
tions, 51 
Electrolytes, 51 
Electrolytic dissociation, 51 
Elements in organic compounds, 

2 
Emetine, 329 
Empirical formula, 5, 57 
Emubin, 228, 270 
Enzymes, 96 
Epicarin, 320 
Epinephrin, 305 
Ergotmic acid, 228 
Eseridine, 329 
Eserine, 329 
Esterification, 128 
Esters, 126 
Ethanal, 104 
Ethane, 63, 78 
Ethene, 230 
Ethereal salts, 117,126 
Ethers, 67, 84 

* ' , aromatic fatty, 261 
•* , mixed, 91 
* * , true aromatic, 261 
Ether value, 151 
Ethyl acetate, 130 

** alcohol, 95 

** amine, 159 

** benzene, 251 

•* benzoate, 275 

** bromide, 82 

" butyrate, 136 

** carbamate, 181 

** carbonate, 191 

•* chloride, 82 

** cyanide, 155 

*' ether, 89 

•• glycolate, 166 

•' glycolic acid, 166 

•' nitrite, 162 

• * pulphonic acid, 163 

** sulphuric acid, 91 
Ethylene, 141, 230 
** bromide, 141 



Ethylene, bromide, preparation 
of, 230 

'' lactic acid, 167 

Ethylenes, 229, 230 
Eucaine, a and fi, 332 
Eucalyptus oil, 253 
Eudoxine, 280 
Eueenol, 316 

acetamide, 316 

" carbinol, 316 

'* iodide, 316 
Euthalmin, 332 
Exalgin, 287 

Fats, 149 
'* , vegetable, 149 

Fatty acids, 109 
'' " , volatUe, 150 
" compoimds, synopsis of, 
73 

Fat values, 150 

Fehling's solution, 220 

Fermentation, 217, 218, 220 

Fire damp, 76 

Fischer, Emil, 208 

Flashing point of oils, 79 

Fluorescein, 266, 280 

Formaldehyde, 102, 105, 209, 
213 

Formaline, 102 

Formamide, 187 

Formic acid, 110 

Formonitrile, 156 

Formula, calculation from per- 
centage composition, 31 

Formulae, empirical and struc- 
tural, 57 

Fractional distillation, 12 

Fractionating flask, 12 

Freezing-point constants, 46 

' ' depression by so- 
lutions, 45 

Friedel and Crafts' reaction, 253 

Fructose, 218 

Fruit sugar, 218 

Fuchsin, 285 

Fuchsin aldehyde reaction, 101 , 
107 

Fusel oil, 99 

Galactose, 212, 214, 218 
test, 223 
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Glucosami 

Glut 

Glut 

Glu( 

Glu. 

Gluti 

Glu 



X 



Gallic acid, 267, 302 
Gall-nuts, 302 
Garlic, oil of, 233 
Gas, coal, 77 

" laws, 33 

'* , natural, 77 

Gases, molecular weight of, 34 
Gasoline, 78 
Gastric juice, 134, 312 
Gav-Lussac's law, 3^ 
Gelseminine, 32^^"*^ 

Glucoproteidfj/21 5 

215 

.ne, 216 
te, 218 • 
Psides, 228 
.ne, 217 
>amin, 190 
J^}|ltaminic acid, 183 
pilitaric acid, 143 
^ '^ceric acid, 148, 171, 214 

aldehyde, 210, 212, 
Q« 213, 214 

PiJycerine, 146 
^^fcrcerol, 146, 210, 232 

lycerophosphoric acid, 160 
Qljycerose, 210 
fyceryl acetates, 151 
butyrate, 146 
tribenzoate, 276 
trioleate, 149,232 
" tripalmitate, 149 
*' tristearate, 149 
Glycin, 182 

Glycocoll, 166, 172, 182, 277 
Glycogen, 227 
Glycol, 141 

** aldehyde, 210 
Glycolates, 142 
Glycolic acetate, 166 
*' acid, 142, 165 
" aldehyde, 142 
Glycol! i, 167 
Glycuronic acid, 172, 218 
Glyoxal, 142 
Glyoxylic acid, 142, 171 
Gram molecular solution, 41 
Gram molecule, 34 
Grape sugar, 218 
Green soap, 153 
Guaiacol, 263, 265 

'' benzoate, 265 



Guanidin, 197 
Guanin, 205 
Gum Arabic, 227 ^ 

'' benzoin, ^1^1 274 
Gums, 227 ' 
Gum Tr^^acanth, 227 
3^<»tton, 225 
~Gunzberg's reagent, 267, 312 
Gutta percha, 238 

Halides, 67 

Halogens, detection of, 4 

Halogen derivatives of paraf- 
fins, 81 
of ben- 
zenes, 
254 

Headache medicines, 287 

Heavy oil, 242 

Hedonal, 196 

Helianthin, 308 

Heptoses, 210 

Heroine, 339, 341 

Hexabasic add, 280 

Hexachlorbenzene, 254 

Hexahydroxybenzene, 268 

Hexamethylentetramine, 161 

Hexane, 63, 78 

Hexone bases, 184 

Hexoses, 212 

Hippuric acid, 274, 277 

Holocaan, 297 

Homatropine, 329 

Homogentisic acid, 304 

Homologous series, 63 

Homologues of benzene, 250 

Hyoscine, 329 

Hyoscyamine, 329 

Hypensotonic solutions, 44 

Hypnal, 108 

Hypnone, 314 

Hypoisotonic solutions, 44 

Hypoxanthin, 204 

Hydrastine, 329, 337, 338 

Hydrastinine, 329, 338 

Hydrazine, 291 

Hydrazobenzene, 291, 292 

Hydrazones, 271 

Hydrocarbons, 61 

' ' , aromatic, 240 

" , cyclic, 235 

" , groups of, 61 
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Hydrocarbons, saturated, 62, 75 
' ' , unsaturated, 62, 

229 
Hydrocinnamic acid, 279 
Hydrocyanic acid, 166, 228, 

270 
Hydrogelfl, 54 
Hydrogen, detection of, 2 

' ' , estimation of, 22 

" , nascent, 76 
Hydrolysis, 109, 130, 220 
Hydrometer, 19 
Hydroquinol, 266 
Hydroquinone, 266 
Hydrosols, 54 
Hydroxyacetic acid, 165 
Hydroxy acids, 73, 165 
Hydroxy compounds, aromatic, 

296 
Hydroxybenzoic acids, 297 
/?-Hydroxy butyric acid, 170 
Hydroxycymenes, 264 
/?-Hydroxyethyl-sulphonic acid, 

171 
Hydroxyformic acid, 165 
Hydroxyl group, nature of, 92 
Hydroxyl, test for, 92, 99 
Hydroxypropionic acids, 167 
Hydroxytoluenes, 263 

Identification of substances, 17, 

21 
Imido compounds, 197 
Imido group, 72 
Indican, 318 
Indicators, 309 
Indigo, 284, 306, 318, 319 
Indol, 317 

Indolaminopropionic acid, 318 
Indoxylsulphuric acid, 318 
Ink, 303 
Inosite, 268 
Inversion, 220 
Invertases, 220 
Invert sugar, 220, 221 
Iodine, dextrine test, 227 

' ' f glycogen test, 227 

'' , starch test, 226 
Iodine value, 151 
lodobenzene, 254 
Iodoform, 87 
lodoformin, 88 



lodoformogen, 88 

Ionization, 51 

'* constants, 125 

'' experiment, 263 

'' of indicators, 309 

Ions, 51 
'* , electrical charge of, 53 

Isatin, 319 

Isethionic acid, 171 

Isoamyl alcohol, primary, 99 
'' '' , tertiary, 99 

Iso-butane, 80 

Isobutyl alcohol, 98 
" carbinol, 99 

Isobutyric acid, 135 

Iso-compounds, 65 

Isocyanide reaction, 157 

Isocyanides, 156 

Isomerism, 57, 65 

* * , physical or stereo- 
chemical, 167 

Isomers, 57 

Iso-paraffins, 80 

Ivso-pentane, 80 

Isopropylmetacresol, 264 

Isopropylorthocresol, 264 

IsoquinoHne, 326 

Isosuccinic acid, 145 

Isotonic coefficient, 51, 53 
'* solutions, 44 

Isovaleric acid, 136 

Jervine, 330 

Kairine, 325 
Rations, 52 
Kekul^, 246 
Kerosene, 78 
Ketohexose, 213 
Ketone acid, 170 
Ketones, 72, 139 

'* , aromatic, 313 

'* , mixed aromatic fatty, 
313 
Ketose, 212 

'' test, 219 
KjeldahFs method of nitrogen 

estimation, 30 
Kreatin, 198 
Kreatinin, 198 
Kynurenic acid, 325 
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Lacmoid, 266 

Lactates, 170 ' 

Lactic acid, 167, 214, 222 

Lactid, 170 

Lactocaramel, 222 

Lactones, 171 

Lactophenin, 297 

Lactosazone, 223 

Lactose, 220, 222 

Lactylphenetidin, 297 

Lsevolactic acid, 169 

Laevorotation, 169 

Lajvulose, 212, 216, 218 

Lead acetate, 117 

" , basic, 117 
'' , sugar of, 117 

Lecithin, 160 

Leucin, 1«2, 215 

Leucomaines, 206 

Light oil, 242 

Lignin test, 225 

Ligroin, 79 

Linoleic acid, 234 

Litmus, 312 

Lobeline, 329 

Lowering of freezing-point, 45 

Lycetol, 162 

Lysidin, 162 

Lysin, 183 

Lysol, 263 

Malic acid, 173 
Malonic acid, 143, 144 
Malt, 96 

' * liquors, 95 
Maltosazone, 223 
Maltose, 96, 220, 222 
Maple sugar, 221 
Marsh gas, see Methane 
Marsh gas series, 75 
Mass action, 127 
Measuring osmotic pressure, 41 
Melissic sdcohol, 140 
Mellite, 280 
Mellitic acid, 280 
Melting-point determination, 9 
Menthol, 238 
Mercaptans, 72, 163, 293 
Mesitylene, 250, 251, 279 

' ' , preparation of, 252 

Mesitylenic acid, 252, 279 
Meso tartaric acid, 175 



Mesoxalic acid, 173 
Meta compounds, 248 
Metadihydroxy benzene, 266 
Metaldehyde, 104 
Metamers, 57 

Metasulphobenzoic acid, 306 
Mejtaxylene, 279 
Methanal, 102 
Methane, 63, 75, 76 
Methane series, 75 
Methanoic acid, 110 
Methoxyhydrastine, 338 
Methyl, 66 

Methyl acetanilide, 287 
Methyl acetate, 130 
Methyl alcohol, 94 
Methylamine, 160 
Methylaniline, 285 
Methylated alcohol, 97 
Methyl carbinol, 95 
Methyl chloride, 82 

" cyafiide, 121, 155 

'* ether, 89 

'* ethyl ether, 91 

'' glycocoU, 182 

*' mdol, 317 

'* isocyanide, 156 

'' orange, 308, 311, 312 
Methylene blue, 286 
Methylphenylhydrazine, 216 
Methylphenyl ketone, 313 
Methyl pyridines, 323 

" salicylate, 298, 299 

'' strychnine, 336 

* * thionin hydrochloride, 
286 

'* violet, 286, 315 
Meyer, Victor, method,- 36 
Milk sugar, 222 

Mixed aromatic compounds, 296 
Mixed compounds, 165 
Mixed compounds, paraffin de- 
rivatives, 73, 165 
Models representing formulae, 

65 
Models to represent stereoiso- 
merism, 174 
Mol, 34 , 
Molasses, 222 
Molecular weight: 

Calculated from freezing- 
point determination, 49 
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Molecular weight: 

Calculated from osmotic pres- 
sure, 41 

Calculated from vapour den- 
sity determination, 38 

Deterinined by analysis of 
derivatives, 56 

Determined by depression of 
freezing-point, 45 
Molecular weight of gases and 

vapours, 34 
MoUsch's test, 216, 228 
Monobasic acids, 56 
Monobromethane, 82 
Monochloracetic acid, 122 
Monochlorethane, 82 
Monochlorhydrin, 147 
Monochlormethane, 77, 82 
Monoformin, 112 
Monohydroxybenzene, 257 
Monohydroxybenzoic acids, 298 
Monohydroxydibasic acids, 173 
Monohydroxytribasic acids, 179 
Mononitrobenzene, 281 
Mononitrophenol, 262 
Monosaccharides, 210 
Monosaccharides, general reac- 
tions of, 216 
Monose, 210 
Mordants, 315 
Morphine, 329, 339 
Morpholine, 328 
Morpholine derivatives, 339 
Mucic acid, 214, 223 
Multirotation, 217, 221 
Muscarine, 161 
Mustard oil, 233 
Mycoderma aceti, 113 

Naphtha, 78 
Naphthalene, 319 
Naphthols, 320 
Naphthylamines, 320 
Naphthylamine-sulphonic acid, 

320 
Narceine, 330, 337 
Narcotine, 329, 337, 338 
Nascent hydrogen, 76 
Natural gas, 77 
Neo-pentane, 80 
Neunne, 161 
Nicotine, 329, 330, 331 



Nirvanin, 301 ' 

Nitriles, acid, 156 

Nitrites, 162 

Nitrobenzene, 

Nitrobenzoic acids, 277, 306 

Nitrocellulose, 225 

Nitro-compoimds, 162 

' ' , aromatic, 281 

' ' of paraffins, 

72 
Nitrogen derivatives of paraf- 
fins, 72, 155 

** y detection of, 3 

'' , estimation by com- 
bustion, 29 

" , estimation by Kjel- 
dahl's method, 30 

" tables, 347 
Nitroglycerine, 147 
Nitroglycerol, 147 
Nitrophenols, 296 
Nitrous acid, action on amines, 

159 
Non-electrolytes, 51 
Nonoses, 210 
Normal compoimds, 65 
Nosophen, 280 
Nuclein bodies, 205 

Octoses, 210 

Oil of bitter almonds, 270 

'* *^ caraway, 264 

" '' cinnamon, 315 

" " cloves, 316 

'* *^ eucalyptus, 253 

'' '' garlic, 233 

** '* peppermint, 238 

" *' sassafras, 316 

'' '' thyme, 253 

' ' ' ' tm-pentine, 236 

* ' ** wintergreen, 298 

Olefiant gas, 230 

Olefins, 230 

Oleic acid, 232 

Olein, 149 

Oleomargarine, 135 

Opium alkaloids, 337 

Optical activity, 168 

Orange II, 308, 315 

Orangine powders, 287 

Orcein, 266 

Orcin, 266 
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Orcinol, 266 

Organic chemistry, preliminary 
survey of, 60 

Organic chemistry, definition 
of, 1 

Organic compoimds, synopsis of, 
73 

Organic substances, solvents of, 
7 

Omithin, 183 

Orphol, 320 

Ortho compounds, 248 

Orthodihydroxybenzene, 265 

Orthoform, 301 

Orthophthalic acid, 279 

Osazones, 216, 218, 220, 223 
** , melting-points of, 219 

Osmotic cell, 40 

Osmotic pressure, 39 

Osmotic pressure, determination 
of, with red blood cells, 44 

Osmotic pressure, effect of tem- 
perature on, 42 

Osmotic pressure, effect of con- 
centration of solution on, 
42 

Oson6, 217 

Ostwald's formula, 125 

Oxalates, 144 

Oxalic acid, 143, 200 

Oxaluric acid, 200 

Oxamide, 188 

Oxygen, calculation of percent- 
age of, 28 

Palladium-hydrogen experi- 
ment, 39 

Pahnitic acid, 137, 232 

Pahnitin, 149 

Papaverine, 329, 337 

Paper, 224 

Parabanic acid, 200 

Para compoimds, 248 

Paradihydroxybenzene, 266 

Paraffin, 79 

'' derivatives, 66 

*' series, 75 

Paraffins, 62, 63, 75 

'* , boiling-points, spe- 
cific gravities, etc., 
78 
** , synthesis of, 75 



Paraform, 103 
Paraformaldehyde, 102 
Parahydroxymetamethoxyallyl- 

benzene, 316 
Paraldehyde, 104 
Paraminophenol, 287 
Paraminosulphonic acid, 307 
Paraphenetidin, 297 
Paratoluic acid, 236, 278 
Parchment paper, 224 
Pentane, 63, 78, 80 
Pentoses, 211 
Pentose test, 211 
Peppermint, oil of, 238 
Peptides, 206 
Peptone, 208 

Percentage composition, calcu- 
lated from analysis, 28 
Peronine, 339, 341 
Petroleum, 78 

ether, 79 
' ' * ' , specific grav- 

ity of, 19 
Phenacetin, 297 
Phenanthrene, 322 
Phenazone, 292 
Phendiol, 265 
Phenetole, 261, 288 
PhenocoU, 297 
Phenol, 257, 258, 288, 294 
Phenol, derivatives of, 261 

' * , hexacid, derivative, 268 
* ' , substitution products of, 
261 
Phenolates, 257 
Phenolphthalein, 279, 280, 309 
Phenol-sulphonic acids, 296 
Phenols, 257 

'* , diacid, 258, 265 
*' , monacid, 258 
" , triacid, 258, 267 
Phenoxides, 257 
Phentriol, 267 
Phenyl, 256 
Phenylacetamide, 286 
Phenyl acetate, 261 
' ' acetic acid, 279 
" alanin, 304 
" amine, 283 
" carbinol, 269 
Phenyldimethylpyrazolone, 292 
Phenylethyl ether, 261 
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Phenylhydrazine, 216, 271, 291, 

292 
Phenylmethyl ether, 261 
Phenylpropionic acid, 279 
Phenyl sahcylate, 299 
Phenyltolylketone, 313 
Phloretin, 228, 267 
Phloridzin, 228 
Phloroglucm, 267 
Phloroglucinol, 267 
Phloroglucin-vanillin reagent, 

312 
Phosgene, 85 
Phosphatides, 162 
Phosphine, substitution derivar 

tives of, 162 
Phosphorus-containing com- 
poimds, 162 
' ' , detection of, 4 

PhthaUc acid, 251, 266, 273, 279 

anhydride, 279, 280 
Physical properties of sub- 
stances, 17 

*' isomerism, 167 
Physostigmine, 329 
Picnometer, 18 
Picric acid, 262, 315 
Picrotoxin, 342 
Pilocarpine, 329, 332 
Pinene, 236 

'' hydrochloride, 236 
Piperazine, 161 
Piperidine, 331 
Polarization, 223 
Polymerization, 102, 104 . 
Polymers, 57 
Polyose, 210 
Polypeptides, 208 
Polysaccharides, 210, 224 
Potassium acetate, 117 

" acid tartrate, 176 

' ' antimonyl tartrate, 
178 

" benzene sulphonate, 
258, 274, 294 

' * hydroxide, specific 
gravity table, 350 

" phenol sulphate, 261 
Pressure, osmotic, 39 
** , vapour, 348 
Primary alcohols, 68, 92 
*' amines. 157 



Prolin, 185 
Propane, 63, 78 
Propene, 232 
Propenol, 232 
Propionic acid, 134 
Propyl alcohol, 98 

' ^ ' ' , secondary, 138 

Propylene, 147 
a-Propyl piperidine, 331 
Protamines, 184 

Proteid, formation of dextrose 
from, 214 

'' , synthesis of , 207 
Protocatechuic acid, 301 
Prussic acid, see .Hydrocyanic 

acid 
Ptomaines, 161 
Purification of substances, 7 
Purin bodies, 204 

*' nucleus, 204 
Pyoktanin, 286 
Pyridine, 323 

bases, 242, 323 
Pyridyl - ^ - tetrahydromethyl - 

pyrrol, 331 
Pyrimidin ring, 200 
Pyrocatechin, 265 
Pyrocatechol, 265 
Pyrogallic acid, 267 
PyrogaUol, 267 
Pyrofigneous acid, 1 14 
I^xyhn, 225 
Pyrrol, 317 
PyrroUdine, 328 
a-PyrroUdine-carboxylic acid, 

185 
PyrroUdine derivatives, 332 

Quantitative analysis, 22, 56 
Quaternary bases, 72, 159 
Quinalgen, 325 
Quinine, 324, 329, 335 

'' bisulphate, 303 
Quinol, 266 
Quinoline, 324 
Quinones, 314 

Racemic lactic acid, 169 
Racemic tartaric acid, 175 
Reduction tests, 216 
Reference books, 343 
Reicheri^Meissl value, 150, 152 
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Resorcin, 266 

Resorcinol, 266 

Reversible reactions, 127 

Rhigoline, 79 

Ricinoleic acid, 233 

Rochelle salts, 177 

Rosaniline, 285 

Rotation of polarized light, 168 

Rotatory power of sugars, 217, 

221, 223 
Rubber, 238 

Saccharates, 222 
Saccharic acid, 214 
Saccharin, 306 
Saccharose, 221 
Safrol, 316 
Salicin, 228, 297 
Salicylic acid, 298 

'* ** combustion anal- 

ysis of, 26 
Salicyl-sulphonic acid, 300, 301 
Saligenin, 297 
Salipyrin, 301 
Salol, 297 
Salophen, 301 
Salting out, 259 
Sanoform, 301 
Santonin, 320 
Santoninic acid, 320 
Saponification, 130, 152, 182 

value, 150 
Saponin, 228 
Sarcolactic acid, 169 
Sarcosin, 182 
Sassafras oil, 316 
Saturated hydrocarbons, 62, 75 
Schweitzer's reagent, 224 
Scopolamine, 329 
Secondary alcohols, 68, 138 

" amines, 157 
Semipermeable membrane, 41 
Serin, 182, 214 
Side chain, 65, 273 
Sidonal, 162 
Silk, artificial, 225 
Skatol, 317 

Skatolaminoacetic acid, 318 
Skatoxylsulphuric acid, 318 
Smokeless powder, 225 
Soaps, 152 
Soap, castile, 153 



Soap, cleansing action of, 153 
' - , green, 153 
" ,hard, 153 
'* ,soft, 153 
" , Venetian, 153 
Sodium acetate, 117 
'■ amalgam, 172 
ethylate, 110 
' ' hydroxide, specific grav- 
ity table, 349 
methyl, 88 
' ' methylate, 93 
*' phenylcarbonate, 298 
' ' potassium tartrate, 177 
saUcylate, 298, 299 
Solute, 40 
Solutions, 45 

'' , colloidal, 54 
" , electrical conductiv- 
ity of, 51 
" , isotonic, hypoiso- 
tonic, hyperiso- 
tonic, 44 
' ^ , obedience to gas laws, 
42 
Solvents, 7 
Sorbitol, 213 
Sparteine, 329, 330 
Spatial representation of mole- 
cules, 167 
Specific gravity determination, 

18 J 

" '' of liquids, 19 

*' of solids, 20 

tables, 345-346, 
349-351 
Starch, 226 
Steam distillation, 14 
Stearic acid, 137-, 232 
Stearin, 149 

Stereochemical isomerism, 167 
Stereoisomerism, 167 
Structural formula, 57 
Structural formula of acetic 

acid, proof of, 1 16 
Strychnme, 329, 336 
Sublimation, 11 
Substituted anunonias: 
Primary, 157 
Secondary, 157 
Tertiary, 157 
..uccinic acid, 143, 144 
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Succinic anhydride, 145 
Succinimide, 197 
Sucrose, 221 

Sugars, comparative reducing 
power of, 220 
'* , estimation of, 220 
' ' , specific rotation of, 223 
" , tests of, 218, 219 
Sulphanilic acid, 307 
Sulphobenzoic acids, 277 
Sulplional, 140, 164 
Sulphonic acids, 73, 163 

*' " , aromatic, 293 

*' chlorides, 293 
Sulphonmethane, 164 
Sulphur alcohols, 72, 163 
' * -containing amido 

acids, 185 
" derivatives of paraf- 
fins, 72, 163 
* * , detection of, 3 
ethers, 72, 163 
Synthesis, 5 

Tannacol, 303 

Tannalbin, 303 

Tannic acid, 302 

Tannigen, 303 

Tannin, 302 

Tartar emetic, 178 

Tartaric acids, 173 

Tartronic acid, 148, 173, 202 

Taurin, 172, 185 

Terpenes, 235 

Terpin hydrate, 236 

Tertiary alcohols, 68, 140 
" amines, 157 
bases, 72, 328 

Tetrachlormethane, 77, 84 

Tetrahydroxy(iso)caproic acid, 
215 

Tetramethoxybenzylisoquino- 
line, 337 

Tetramethylammonium hydrox- 
ide, 159 

Tetronal, 164 

Tetrose, 210 

Thalline, 325 

Thebaine, ,329, 339, 340 

Theobromine, 204, 206 

Thiophene, 242 

Thiophenol, 293 



Thiosinamine, 233 
Thyme, oil of, 253, 264 
Thymol, 263 
Toluene, 250 
Toluene-fiulphonic acids, 293, 

295 
Toluic acids, 251, 278 
Toluidines, 285 
Toluol, 250 
Tolyl carbinol, 270 
Tragacanth, gum, 227 
Traube's synthesis, 200 
Tribrommethane, 84 
Tribromphenol, 260, 262 
Trichloracetic acid, 122 
Trichloraldehyde, 107 
Trichlorhydrin, 147 
Trichlorlactamide, 202 
Trichlormethane, 77, 84 
Trihydroxybenzene, 267 
Trihydroxybenzoic acid, 302 
Triiodomethane, 84 
Trimethylamine, 160 
Trinitrophenol, 262 
Trional, 164 
Trioses, 210 
Triphenylamine, 286 
Tropaeolin OO, 309 
Tropic acid, 333 
Tropine, 333 
Tryptophan, 172, 318 
Turpentine, 236 
Tyrosin, 304 

Unsaturated hydrocarbons, 73, 



Urates, 203 
Urea, 190 
" , freezing-point determina- 
tion of molecular 
weight, 49 
nitrate, 194 
oxalate, 194 
, specific gravity of, 20 
, synthesis of, 2, 180, 194 
tests, 194 
Urethane, 181 
Uric acid, 199, 205 
Urinometer, 19 
Uro tropine, 161 



Vacuum distillation, 14 
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Valence of elements in organic 

compounds, 2 
Valeriamc acid, 136 
Valeric acid, 136 
VaniUa, 302 
Vanillic acid, 301 
VaniUin, 267, 302 
Vapours, molecular weight of, 35 
Vapour tension table, 348 
Vaseline, 79 

Vegetable bases, see Alkaloids 
Veratrine, 330 
Veronal, 195 
Victor Meyer's vapour density 

method, 36 
Vine^, 114 
Von Baeyer's reagent, 231 

Waxes, 140 



Westphal's balance, 19 
Whiskey, 95 
Wines, 95 

Wintergreen, oil of, 298 
Wood 3cohol, 94 

Xanthin, 204 

*' bodies, 205 
Xylene, meta, 252 
Xylenes, 250, 261 
Xylidines, 285 
Xylol, 251 
Xylose, 211 

Yeast, fermentation by, 95, 96 
Yohimbine, 329 

Zinc methyl, 88 
Zymase, 96 



SHORT-TITLE CATALOGUE 

OF THE 

PUBLICATIONS 



or 



JOHN WILEY & SONS, 

New York. 
Lobtdon: chapman & HALL, Limtebd. 

ARRANGED UNDER SUBJECTS. 



Descriptive circalan sent on application. Books marked with an asterisk (*) are sold 
at net prices only, a double asterisk (**) books sold under the rules of the American 
Publishers' Association at net prices subject to an extra charge for postage. All booki 
are bound in cloth unless otherwise stated. 



AGRICULTURE. 

Armsby's Manual of Cattle-feeding. xamo* Si 75 

Principles of Animal Nutrition 8to, 4 00 

Bttdd and Hansen's American Horticultural Manual: 

Part L Propagation, Culture* and Improvement i2mo, i 50 

Part n. Systematic Pomology. i2mo, i 50 

Downing's Fruits and Fruit-trees of America 8vo, 5 00 

Elliott's Engineering for Land Drainage lamo, i 50 

Practical Farm Drainage lamo, z 00 

Green's Principles of American Forestry lamo, i 50 

Grotenfelt's Principles of Modem Dairy Practice. (Well.) lamo, a 00 

Kemp's Landscape Gardening lamo, 2 50 

Maynard's Landscape Gardening as Applied to Home Decoration lamo, i <o 

Sanderson's Insects Injurious to Staple Crops .* . . lamo, i 50 

Insects Injurious to Garden Crops. (In preparation.) 
Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soils. 8vo, a 50 

Well's Handbook for Farmers and Dairymen z6mo, i 50 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings lamo, 2 50 

Bashore's Sanitation of a Country House lamo, i 00 

Bers's Buildings and Structures of American Railroads. 4to, 5 00 

Birkmire's Planning and Construction of American Theatres 8vo, 3 00 

Architectural Iron and Steel. 8vo, 3 50 

Compound Riveted Girders as Applied in Buildings 8vo, a 00 

Planning and Construction of High Office Buildings. 8vo 3 50 

Skeleton Construction in Buildings 8vo, 3 00 

Brigg*8 Modem American School Buildings 8vo, 4 00 

Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

Freitag's Architectiu-al Engineering. 8vo, 3 50 

Fireprooflng of Steel Buildings. 8vo, a 50 

French and Ives's Stereotomy 8vo, a 50 

Gerhard's Guide to Sanitary House-inspection x6mo, z 00 

Theatre Fires and Panics lamo, z 50 

Holly's Carpenters' and Joiners' Handbook z8mo, 7^ 

Johnson's Statics by Algebraic and Graphic Methods. 8vo, 2 00 



Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. x6mo»nior., 5 00 

llerrill's Stones for Building and Decoration 8vo, 5 00 

Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Monckton's Stair-buildinc 4to, 4 00 

Patton's Practical Treatise on Foundations 8to, 5 00 

Peabody's Naval Architecture 8to» 7 50 

Richey's Handbook for Superintendents of Construction i6mo, mor , 4 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 3 00 

Stebert and Biggin's Modem Stone-cutting and Masonry 8vo, i 50 

Snow's Principal Species of Wood 8to, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 2 .9 

Towne's Locks and Builders' Hardware x8mo, morocco, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8to, 5 00 

Sheep, 5 50 

Law of Contracts. 8vo, 3 oo 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8to, 4 00 

Woodbury's F«re Protection of Mills. 8vo, 2 50 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architectm-e, with Plans for a Small Hospital. 

i2mo, I 25 
The World's Columbian Exposition of 2893 Large 4to, i 00 

ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule i2mo, 2 50 

^ * Bruff's Text-book Ordnance and Gunnery 8to, 6 00 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Cloke's Gunner's Examiner 8to, i 50 

Craig's Azimuth 4to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

Cronkhite's Gunnery for Non-commissioned Officers '.24mo, morocco, 2 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

Sheep, 7 50 

De Brack's Cavalry Outposts Duties. (Carr.) 24mo, morocco, 2 00 

Dietz's Soldier's First Aid Handbook i6mo, morocco, z 25 

* Dredge's Modem French Artillery 4to, half morocco, 15 00 

Durand's Resistance and Propulsion of Ships 8vo, 5 00 

* Dyer's Handbook of Light Artillery. i2mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, 2 00 

Hamilton's The Gunner's Catechism i8mo, i 00 

* HofF's Elementary Naval Tactics 8vo, i 50 

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 00 

* Ballistic Tables 8vo, i 50 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. .8vo, each, 6 00 

* Mahan's Permanent Fortifications. (Mercxxr.) 8vo, half morocco, 7 50 

Manual for Courts-martial. i6mo, morocco, z 50 

* Mercur's Attack of Fortified Places i2mo, 2 00 

* Elements of the Art of War 8vo, 4 00 

Metcalf's Cost of Manufactures — And the Administration of Workshops. .8vo, 5 00 

* Ordnance and Gtmnery. 2 vols x2ipo, 5 00 

Murray's Infantry Drill Regulations i8m'o, paper, zo 

Mixon's Adjutants' ManuaL 24mo, i 00 

Peabody's Naval Architecture 8vo, 7 50 



* rhelps's Practical Xartae Surrejring Svo, a 50 

Powell's Army Officer's Examiner. x2mo, 4 00 

Sharpe's Art of Subsisting Armies in War. i8mo. morocco, i 50 

* Walke's Lectiires on Ezplosiyes. 8vo, 4 00 

* Wheeler's Siege Operations and Military Mining. 8vo, a 00 

Winthrop's Abridgment of Military Law xamo, a 50 

Woodhull's Notes on Military Hygiene i6mo, x 50 

Young's Simple Elements of IfaTigation x6mo, morocco, i 00 

Second Edition, Enlarged and Rerised. x6mo, morocco, a 00 

ASSAYING. 
Fletcher's Practical Instructions lu Quantitative Assaying with the Blowpipe. 

I amo, morocco, i 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments 8vo, 3 00 

Miller's Manual of Assaying xamo, x 00 

O'Driscoli's Notes on the Treatment of Gold Ores Svo, a 00 

Ricketts and Miller's Notes on Assaying : Svo, 3 00 

Ulke's Modern Electrolytic Copper Refining Svo, 3 00 

Wilson's Cyanide Processes. xamo, x 50 

Chlorination Process xamo, x 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers Svo, a 50 

Craig's Azimuth. '. 4to, 3 50 

Deolittle's Treatise on Practical Astronomy Svo. 4 00 

Gore's Elements of Geodesy Svo, a 50 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy Svo, a 50 

* Michie and Hark>w's Practical Astronomy. Svo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy xamo, a 00 

BOTANY. 

Davenport's Statistical Methods, with Special Reierence to Biological Variation. 

x6mo, morocco, x as 

Thom^ and Bennett's Structural and Physiological Botany x6mo, a as 

Westermaier's Compendiimi of General Botany. (Schneider.) Svo, 2 00 

CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables xamo, x as 

Allen's Tables for Iron Analysis. Svo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small Svo, 3 50 

Austen's Notes for Chemical Students xamo, x 50 

Bemadou's Smokeless Powder. — ^Nitro-celltilose, and Theory of the Cellulose 

Molecule xamo, a 50 

Bolton's Quantitative Analysis. Svo. x 50 

* Browning's Introduction to the Rarer Elements. Svo, x 50 

Brush and Penfield's Manual of Determinative Mineralogy. Svo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .Svo, 3 00 

Cohn's Indicators and Test-papers xamo, a 00 

Tests and Reagents Svo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (SchaefTer.). . . xamo, x 50 
Dolezalek's Theory of the Lead Accimiulator (Storage Battery). (Von 

Ende.) xamo, a 50 

Drechsel's Chemical Reactions. (Merrill.) xamo, ' x as 

Duhem's Thermodynamics and Chemistry. (Burgess.) Svo. 4 00 

Eissler's Modem High Explosives Svo, 4 00 

Eifront's Enzymes and their Applications. (Prescott.) Svo, 3 00 

Xrdmann's Introduction to Chemical Preparations. (Dunlap.) xamo, z 25 

8 



Pletcher's Practical Instroctioiis ia QnantitatiTe Anaying with the Bloirpipe. 

lamo, morocco. 

Fowler's Sewage Works AnalTses xamo. 

Frssenius's Manual of Qualitatiye Chemical Analysis. (Wells.) 8to, 

Manual of QualitatiTe Chemical Analysis. Part I. Descriptive. (Wells.) 8to, 
System of Instruction in Quantitatire Chemical Analysis. (Cctn.) 

2 vols. 8V0, 13 50 

Fuertes's Water and Public Health i2mo, 

Furman's Manual of Practical Assaying. 8to, 

* Getman's Exercises in Physical Chemistry i2mo. 

Gill's Gas and Fuel Analysis for Engineers i2mo, 

Grotenfeh's Principles of Modem Dairy Practice. (Woll.) zsmo^ 

Hammarsten*s Text-book of Physiological Chemistry. (Mandel.) 8vo, 

Helm's Principles of Mathematical Chemistry. (Morgan.) i3mo» 

Hering's Ready Reference lables (Conversion Factors) iCco morocco. 

Hind's Inorganic Chemistry 8vo, 

* Laboratory Ma mm I for Students i2mo, 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, 

Text-book of Organic Chemistry. (Walker and Mott) 8vo, 

* Laboratory Manual of Organic Chemistry. (Walker.) i2mo, 

Hopkini^s Oil-chemists' Handbook 8vo, 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 

Keep's Cast Iron. 8vo, 

Ladd's Manimt of Quantitative Chemical Analysis i2mo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

* Langworthy and Austen. The Occurrence of Aluminium in Vege able 

Products, Animal Products, and Natural Waters 8vo, 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo. 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.) i2mo. 

Leach's The Inspection and Analysis of Food with. Special Reference to State 

Control. 8vo, 

Lob's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz^).i2mo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments 8vo, 

Lunge's Techno-chemical Analysis. (Cohn.) i2mo, 

Mandel's Handbook for Bio-chemical Laboratory i2mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . i2mo. 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

3d Edition, Rewritten 8vo, 

Examination of Water. (Chemical and BacteriologicaL) i2mo, 

Matthew's The Textile Fibres 8vo, 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). • i2mo. 

Miller's Manual of Assaying i2mo, 

Mixter's Elementary Text-book of Chemistry. i2mo, 

Morgan's Outline of Theory of Solution and its Results i2mo. 

Elements of Physical Chemistry i2mo, 

Morse's Calculations used in Cane-sugar Factories i(mo, morocco, 

Mulliken's General Method for the Identification of Pure Organic Ccmpounds. 

Vol. I Large 8vo, 

O'Brine's Laboratory Guide in Chemical Analysis 8vo, 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 

Ostwald'p Conversations on Chemistry. Part One (Ramsey.) X2mo, 

Ostwald's Conversations on Chemistry. Part Two. (TurnbuU ). (In Press.) 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

, 8vo, paper, 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) Evo, 

Pinner's Introduction to Organic Chemistry. (Austen.) i2mo, 

Poole's Calorific Power of Fuels 8vo, 

Prescott and Winslow's Elements of Water Bactericriogy, with Special Refer- 
ence to Sanitary Water Analysis lamo, i 25 

4 



X 


SO 


2 


00 


5 


; 00 


3 


00 


12 


50 


I 


50 


3 


00 


2 


00 


I 


25 


2 


00 


4 


00 


X 


50 


2 


50/ 


3 


00 


X 


00 


2 


50 


2 


50 


I 


00 


3 


00 


I 


25 


2 


50 


I 


00 


3 


CO 


2 


00 


I 


00 


X 


00 


7 


50 


X 


CO 


3 


CO 


I 


CO 


I 


50 




Co 




00 


X 


25 


3 


50 


I 


00 


I 


00 


I 


50 


I 


00 


2 


CO 


I 


50 


5 


00 


2 


CO 


2 


00 


X 


50 




50 


5 


00 


X 


50 


3 


00 



* Reisig's Guide to Piece-dyeing 8vo, 35 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint 8vo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science i3mo, x 00 

Cost of Food, a Study in Dietaries ^ lamo, i 00 

* Richards and Williams's The Dietary Computer 8vo, x 50 

Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part L 

Ifon-metaUic Elements.) 8vo, morocco, 75 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 50 

Disinfection and the Preservation of Food 8vo, 4 00 

Rigg's Elementary Manual for the Chemical Laboratory. 8vo, x 25 

Rostoski*s Serum Diagnosis. (Bolduan.) xamo, x 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 3 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo, 3 50 

Schimpf's Text-book of Volumetric Analysis x2mo, 2 50 

Essentials of Volumetric Analysis ismo, x 35 

Spencer's Handbook for Chemists of Beet-sugar Houses x6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists. .i6mo, morocco, 2 00 

Stockbridge's Rocks and Soils. .... 8to, 2 50 

* Tillman's Elementary Lessons in Heat 8to, x 50 

* Descriptive General Chemistry 8vo, 3 00 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 3 00 

Quantitative Analysis. (Hall.) 8vo, 4 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) x3mo, x 50 

* Walke's Lectures on Explosives S^o, 4 00 

Washington's Manual of the Chemical Analysis of Rocks 8''o, a 00 

Wassermann's Inmiune Sera : Hsemolysins, Cytotoxins, and Precipitins. (Bol- 
duan.) x2mo, X 00 

Well's Laboratory Guide in Qualitative Chemical Analysis 8vo, x 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students x3mo, x 50 

Text-book of Chemical Arithmetic xsmo, x 35 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wilson's Cyanide Processes i3mo, x 50 

Chlorination Process i3mo, i 50 

Wulling's Elementary Course in Inorganic, Pharmaceutical, and Medical 

Chemistry ismo, 2 00 

CIVIL ENGINEERING. 
BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 
RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments x3mo, 3 00 

Bixby's Graphical Computing Table Paper xg^ X 34! inches. 25 

♦♦ Burr's Ancient and Modem Engineering and the Isthmian Canal. (Postage, 

37 cents additional.) 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Davis's Elevation and Stadia Tables 8vo, x 00 

Elliott's Engineering for Land Drainage i3mo, i 50 

Practical Farm Drainage i3mo, x 00 

♦Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering. 3d Edition, Rewritten 8vo, 3 50 

French and Ives's Stereotomy 8vo, 3 50 

Goodhue's Municipal Improvements ismo, x 75 

Goodrich's Economic Disposal of Towns' Refuse 8to, 3 50 

Gore's Elements of Geodesy 8vo, 3 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Bering's Ready Reference Tables (Conversion Factors) x6mo, moroccoi 2 50 

5 



Howe's Retaininc Walls for Earth. lamo, i 35 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . i2mo, 2 00 

Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 5 00 

* Descriptive Geometry. 8vo, 1 50 

Uerriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Elements of Sanitary Engineering 8vo, 2 00 

Herriman and Brooks's Handbook for Surveyors. i6mo, morocco, 2 00 

Kugent's Plane Surveying 8vo, 3 go 

Ogden's Sewer Design. x2mo, 2 00 

Patton's Treatise on Civil Engineering 8vo half leather, *j 50 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewa^^s. 8vo, 3 50 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, i 50 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

* Trautwine's Civil Engineer's Pocket-book i6mo, morocco, 5 00 

Wait's Engineering and Archi:ectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts. 8vo, 3 00 

Warren's Stereotomy — ^Problems in Stone-cutting 8vo, 2 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

i6mo, morocco, i 25 

* Wheeler s Elementary Course of Civil Engineering 8vo, 4 oe 

Wilson's Topographic Surveying. 8vo, 3 5© 

BRIDGES AITD ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges . . 8to, 2 00 

* Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges. 8vo, 3 50 

Burr and Falk's Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II : . .Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 50 

Greene's Roof Trusses. 8vo, 1 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, Iron, and Stone 8vo, 2 50 

Howe's Treatise on Arches 8vo, 4 00 

Design of Simple Roof-trusses in Wood and SteeL 8vo, 2 00 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structtures Small 4to, xo 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part n. Graphic Statics 8vo, 2 50 

Part in. Bridge Design 8vo, 2 50 

Part rV. Higher Structures 8vo, 2 50 

Horison's Memphis Bridge , 4to, xo 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . x6mo, morocco, 3 00 

Specifications for Steel Bridges i2mo. x 25 

Wood's Treatise on the Theory of the Construction of Bridges and Roofs . . 8vo, 3 GO 
Wright's Designing of Draw-spans : 

Part I. Plate-girder Draws 8vo, a 50 

Part n. Riveted-truss and Pin-connected Long-span Draws 8vo, a 50 

Two parts in one volume. 8vo, 3 50 
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HYDRAULICS. 

Bazin's Ezperiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 

Bovey's Treatise on Hydraulics 8vo 

Church's Mechanics of Engineering 8vo, 

Diagrams of Mean Velocity of Water in Open Channels paper, 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 

Flather's Dimamometers, and the Measurement of Power I2m0: 

Folwell's Water-supply Engineering Svo, 

Frizell's Water-pdwer Svo, 

Fuertes's Water and Public Health iimo, 

Water-filtration Works i2mo, 

GanguiUet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Bering and Trautwine.) 8vo 

Hazen's Filtration of Public Water-supply Svo, 

Hazlehurst's Towers and Tanks for Water-works Svo, 

Herschel's X15 Ezperiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits Svo, 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

Svo 

Merriman's Treatise on Hydraulics. . » Svo, 

* Michie's Elements of Analytical Mechanics Svo, 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large Svo, 

** Thomas and Watt's Improvement of Rivers. (Post., 44c. additional. ).4to 

Tumeaure and Russell's Public Water-supplies Svo, 

Wegmann's Design and Construction of Dams 4to, 

Water-supply of the City of New York from 1658 to i8o5 4to, 

Williams and Hazen's Hydraulic Tables Svo, 

Wilson's Irrigation Engineering Small Svo, 

Wolff's Windmill as a Prime Mover Svo 

Wood's Turbines Svo 

Elements of Analytical Mechanics Svo, 

MATERIALS OF ENGINEERING. 
Baker's Treatise on Masonry Construction Svo, 

Roads and Pavements ^ 8vo 

Black's United States Public Works Oblong 4to 

Bovey's Strength of Materials and Theory of Structures Svo, 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne's Highway Construction Svo, 

Inspection of the Materials and Workmanship Employed in Construction. 

x6mo. 

Church's Mechanics of Engineering Svo, 

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 

*Eckers Cements, Limes, and Plasters Svo, 

Johnson's Materials of Construction Large Svo, 

Fowler's Ordinary Foundations Svo, 

Keep's Cast Iron 8vo 

Lanza's Applied Mechanics Svo 

Marten's Handbook on Testing Materials. (Henning.) 2 vols Svo, 

Merrill's Stones for Building and Decoration Svo, 

Merriman's Mechanics of Materials. Svo, 

Strength of Materials i2mo, 

Metcalf's Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Foundations Svo, 

Richardson's Modern Asphalt Pavements Svo 

Richey's Handbook for Superintendents of Construction i6mo, mor. 

Rockwell's Roads and Pavements in France i2mo 
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8«bin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 3 o« 

Smith's Materials of Machines , . z2mo» z 00 

Snow's Principal Species of Wood. Sto» 3 50 

flpaldinc's Hydraulic Cement zamo, 2 00 

Text-book on Roads and Pavements z2mo, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. Svo, 5 00 

Thurston's Materials of Engineering. 3 Parts 8to, 8 00 

Part I. Non-metallic Materials of Engineering and Metallurgy 8to, 2 00 

Part n. Iron and Steel. 8to, 3 50 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8to, 2 50 

Thurston's Text-book of the Materials of Construction 8yo, 5 00 

Tillson's Street Pavements and Paving Materials 8vo, 4 00 

WaddeU's De Pontibus. (^ Pocket-book for Bridge Engineers.). . z6mo, mor., 3 00 

Specifications for Stc. i Bridges i2mo, z 25 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 2 00 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00 

Wood'^ (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel. 8vo, 4 00 

RAILWAY ENGIIfEERING. 

Andrew's Handbook for Street Raih^ray Engineers 3x5 inches, morocco^ i 25 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location. z6mo, morocco, z 50 

Butf 8 Civil Engineer's Field-book. z6mo, morocco, 2 50 

Crandall's Transition Curve z6mo, morocco, z 50 

Railway and Other Earthwork Tables 8vo, z 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . z6mo, morocco, 5 00 

Diredge's History of the Pennsylvania Railroad: (Z879) Paper, 5 00 

* Drinker's Tunnelling, Explosive (impounds, and Rock Drills. 4to, half mor., 25 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide . . . z6mo, mor., 2 50 

Howard's Transition Curve Field-book. z6mo, morocco, z 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, z 00 

Molitor and Beard's Manual for Resident Engineers. i6mo, z 00 

Nagle's Field Manual for Railroad Engineers. i6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers. z6mo, morocco, 3 00 

Searles's Field Engineering z6mo, morocco, 3 00 

Railroad Spiral. z6mo, morocco, z 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, z 50 

* Trautwine's Method of Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

> z2mo, morocco, 2 50 

Cross-section Sheet Paper, 25 

Webb's Railroad Construction z6mo, morocco, 5 00 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 

DRAWING. 

Barr's Kinematics of Machinery 8vo, 2 50 

• Bartlett's Mechanical Drawing 8vo, 3 00 

• " " " Abridged Ed. 8vo, z 50 

Coolidge's Manual of Drawing 8vo, paper z 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 so 

Durley's Kinematics of Machines 8vo, 4 00 

Bmch's Introduction to Projective Geometry and its Applications 8vo. 2 50 
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Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00 

Jamison's Elements of Mechanical Drawing 8vo, 2 50 

Advanced Mechanical Drawing 8vo, 2 00 

Jones's Machine Design: 

Part I. Kinematics of Machinery. 8vo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

MacCord's Elements of Descriptive Geometry. 8vo, 3 00 

Kinematics; or. Practical Mechanism 8vo, 5 00 

Mechanical Drawing. 4to, 4 00 

Velocity Diagrams. 8vo, i 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, x 50 

Industrial Drawing. (Thompson.) 8vo> 3 50 

Moyer's Descriptive Geometry. 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Reid's Course in Mechanical Drawing. 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Robinson's Principles of Mechanism. 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism. 8vo, 3 00 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo, x 00 

Drafting Instruments and Operations x2mOy i 25 

Manual of Elementary Projection Drawing i2mo, z $• 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow x2mo, x 00 

Plane Problems in Elementary Geometry i2mo» i 25 

Primary Geometry x2mo, 75 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

General Problems of Shades and Shadows 8vo, 3 00 

Elements of Machine Construction and Drawing 8vo, 7 5Q 

Problems, Theorems, and Examples in Descriptive Geometry. 8vo, 2 50 

Weisbach's Kinematics and Power of Transmission. (Hermann and Klein)8vo, 5 00 

Whelpley's Practical Instruction in the Ait of Letter Engraving i2mo, 2 00 

Wilson's (H. M.) Topographic Surveying 8vo, 3 50 

Wilson's (V. T.) Free-hand Perspective 8vo, 2 50 

Wilson's (V. T.) Free-hand Lettering 8vo, i 00 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 



ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measurements i2mo, i 00 

Benjamin's History of Electricity 8vo, 3 00 

Voltaic Cell. 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) x2mo, 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power i2mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50 

Hanchett's Alternating Currents Explained i2mo, x 00 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Holman's Precision of Measurements 8vo« 2 00 

Telescopic Mirror-scale Method. Adjustments, and Tests. . . .Large 8vo, 75 

Kinzbrunner's Testing of Continuous-Current Machines 8vo, 2 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Le Chatelien's High-temperature Measurements. (Boudouard — Burgess.) i2mo, 3 00 

Lob's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz.) x2mo, i 00 

9 



* Lyons's Treatise on Electromacnetic Phenomena. Vols. I. and n. 8vo, each, 6 oo 

* Michie's Elements of Wave Motion Relating to Sound and Light ...... 8vo. 4 00 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) i2mo, 2 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8vo, i 50 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50 

Thurston's Stationary Steam-engines 8vo, 2 50 

* Tillman's Elementary Lessons in Heat 8vo, i 50 

Tory and Pitcher's Manual ef Laboratory Physics Small 8vo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

LAW. 

* Davis's Elements of Law. 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

* Sheep, 7 50 

Manual for Courts-martial. i6mo, morocco, i 50 

Wait's Engineering and Architectural Jurisprudence .' 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts * 8vo, 3 00 

Winthrop's Abridgment of Military Law i2mo, 2 50 

MANUFACTURES. 

Bemadou's Smokeless Powder — Ifitro-cellulose and Theory of the Cellulose 

Molecule i2mo, 2 5« 

Bolland's Iron Founder i2mo, 2 50 

" The Iron Founder," Supplement i2mo, 2 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding i2mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 00 

Fitzgerald's Boston Machinist i2mo, z 00 

Ford's Boiler Making for Boiler Makers i8mo, i 00 

Hopkin's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron 8vo, 2 50 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control. Large 8vo, 7 50 

Matthews's The Textile Fibres 8vo, 3 50 

Metcalf's Steel. A Manual for Steel-users i2mo, 2 00 

Metcalfe's Cost of Manufactm-es — And the Administration of Workshops 8vo, 5 00 

Meyer's Modem Locomotive Constmction 4to, 10 00 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement i2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses. . . . i6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists . . i6mo, morocco, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Manufacture of Sugar. (In press.) 

West's American Foundry Practice i2mo, 2 50 

Moulder's Text-book, .i2mo, 2 50 
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Wolff's Windmill as a Prime Mover 8vo, 3 0% 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 o« 



MATHEMATICS. 

Baker's Elliptic Functions 8vo, x $• 

* Bass's Elements of Differential Calculus i2mo, 4 ^o 

Briggs's Elements of Plane Analytic Geometry i2mo, x 00 

Campton's Manual of Logarithmic Computations x3mo, x 50 

Davis's Introduction to the Logic of Algebra Svo, x 50 

* Dickson's College Algebra Large i2mo» x 50 

* Introduction to the Theory of Algebraic Equations Large i2mo» 125 

Emch's Introduction to Projective Geometry and its Applications 8vo, 2 50 

Balsted's Elements of Geometry. 8vo, i 75 

Elementary Synthetic Geometry .8vo, i 50 

Rational Geometry. i2mo, i 75 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, xs 

100 copies for 5 00 

* Mounted on heavy cardboard, 8 X 10 inches, 25 

xo copies for 2 00 

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Smah 8vo, 3 00 

Johnson's-(W. W.) Elementary Treatise on the Integral Calculus. Small 8vo, i 50 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates x2mo, i 00 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 3 50 

Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, i 50 

* Johnson's (W. W.) Theoretical Mechanics i2mo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) • x2mo, 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, x 00 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman and Woodward's Higher Mathematics. 8vo, 5 00 

Merriniian's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical i2mo, x 00 



MECHANICAL ENGINEERING. 

MATERIALS OF EWGINEERIWG, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice i2mo, i 50 

Baldwin's Steam Heating for Buildings i2mo, 2 so 

Barr's Kinematics of Machinery. 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

♦ " " " Abridged Ed 8vo, 150 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

Carpenter's Experimental Engineering 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Carj's Smoke Suppression in Plants using Bituminous Coal. (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 4 00 

Coolidge's Manual of Drawing 8vo, paper, i 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 
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Cromwell's Treatise on Toothed Gearing zamo» 

Treatise on Belts and PuUeys. zamo, 

Dorley's Kinematics of Machines. 8to, 

Flather's Dynamometen and the Measurement of Power. zamo. 

Rope Driving. zamo, 

Gill's Gas and Fuel Analysis for Engineers zamo. 

Hall's Car Lubrication. zamo, 

Herinc's Ready Reference Tables (Conversion Factors). z6mo, morocco. 

Button's The Gas Engine Svo, 

Jamison's Mechanical Drawing. 8vo, 

Jones's Machine Design: 

Part L Kinematics of Machinery. 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers' Poclcet-book. z6mo, morocco, 

Kerr's Power and Power Transmission 8to, 

Leonard's Machine Shop, Tools, and Methods 8vo, 

*Lorenz*s Modem Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 

MacCord's Kinematics; or. Practical Mechanism. 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams. 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Poole s Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richard's Compressed Air z2mo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism. 8vo, 

Smith's Press-working of Metals. 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work, 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . z2mo, 

Warren's Elements of Machine Construction and Drawing , . . .8vo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) 8vo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 

Wolff's Windmill as a Prime Mover 8vo, 

Wood's Turbines 8vo, 



MATERIALS OF ENGINEERING. 

Bovey's Strength of Materials and Theory of Structures. 8vo, 7 50 

Burr's Elasticity and Resistance of the Ifoterials of Engineering. 6th Edition. 

Reset 8vo, 7 50 

Church's Mechanics of Engineering .8vo, 6 00 

Johnson's Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 7 50 

Merriman's Mechanics of Materials. 8vo, 5 00 

Strength of Materials z2mo, z 00 

Metcalf 's SteeL A manual for Steel-users Z2mo. 2 oo 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Materials of Machines zamo, z 00 

Ihurston's Materials of Engineering 3 vols., 8to, 8 00 

Part n. Iron and Steel 8vo, 3 50 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Text-book of the Materials of Construction. 8yo» 5 00 
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Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on 

the PreseiTation of Timber. Svo, 2 oO 

Wood's (De V.) Elements of Analytical Mechanics. 8vo, 3 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

SteeL , 8vo, 4 00 



STEAH-EIfGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. lamo, i 25 

Camot's Reflections on the Motive Power ef Heat (Thurston.) zamo, i 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . . .z6mo, mor., s 00 

Ford's Boiler Making for Boiler Makers z8mo, z 00 

Goss's Locomotive Sparks 8vo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy zamo, 2 00 

Button's Mechanical Engineering of Power Plants. Svo, 5 00 

Heat and Heat-engines. 8vo, 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, z 50 

MacCord's Slide-valves. . . « 8vo, 2 00 

Meyer's Modem Locomotive Construction 4to, zo 00 

Peabody's Manual of the Steam-engine Indicator zamo. z 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, z 00 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Valve-gears for Steam-engines. 8vo, 2 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator. Large 8vo, 2 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) z2mo, z 25 

Reagan's Locomotives: Simple Compound, and Electric z2mo, 2 50 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 00 

s&iclair's Locomotive Engine Running and Management zamo, 2 00 

Siziart's Handbook of Engineering Laboratory Practice z2mo, 2 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spanglcr's Valve-gears 8vo, 2 50 

Ifotes on Thermodynamics z2mo, z 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Handy Tables 8vo. z 50 

Manual of the Steam-engine 2 vols., 8vo, zo 00 

Part I. History, Structure, and Theory 8vo, 6 00 

Part n. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 5 00 

Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice i2mo, z 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wilson's Treatise on Steam-boilers. (Flather.) z6mo, 2 50 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery 8vo, a 50 

Bovcy's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making z2mo, 2 50 

Chiurch^s Mechanics of Engineering 8vo, 6 00 
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Church's Notes and Ezamples in Mechanics. 8vo» a oo 

Compton's First Lessons in Metal-working i2mo, i 50 

Compton and De Groodt's The Speed Lathe z2mo, z 50 

Cromwell's Treatise on Toothed Gearing z2mo, 2 50 

Treatise on Belts and Pulleys i2mo, i 50 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. .i2mo, i 50 

Dingey's Machinery Pattern Making z2mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to half morocco, 5 00 

Du Bois's Elementary Principles of Mechanics: 

VoL L Kinematics 8vo, 3 50 

VoL II. Statics '. 8vo, 4 00 

VoL IIL Kinetics 8vo, 3 50 

Mechanics of Engineering. VoL L Small 4to, 7 50 

VoL II Small 4to, xo 00 

Durley's Kinematics of Machines 8vo» 4 00 

Fitzgerald's Boston Machinist i6mo, z 00 

Flather's Dynamometers, and the Measurement of Power z2mo, 3 00 

Rope Driving. X2mo, 2 00 

Goss's Locomotive Sparks 8vo, 2 00 

Hall's Car Lubrication. z2mo, z 00 

Holly's Art of Saw Filing z8mo, 75 

James's Kinematics of a Point and the Rational Mechanics of a Particle. Sm.8vo.2 00 

* Johnson's (W. W.) Theoretical Mechanics z2mo, 3 00 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 2 00 

Jones's Machine Design: 

Part L Kinematics of Machinery. 8vo, z 50 

Part n. Form, Strength, and Proportions of Parts. 8vo, 3 00 

Kerr's Power and Power Transmission. 8vo, 2 00 

Lanza's Applied Mechanics. 8vo, 7 50 

Leonard's Machine Shop, Tools, and Methods .8vo, 4 00 

*Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.). 8vo, 400 

MacCord's Kinematics; or. Practical Mechanism 8vo, 5 00 

Velocity Diagrams 8vo, z 50 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8iro, 5 00 

^ Elements of Mechanics z2mo, z 00 

* Michie's Elements of Analytical Mechanics. 8vo, 4 00 

Reagan's Locomotives: Simple, Compound, and Electric z2mo> 2 50 

Reid's Course in Mechanical Drawing 8vo. 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richards's Compressed Air z2mo, z 50 

Robinson's Principles of Mechanism. 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo, 2 50 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Sinclair's Locomotive-engine Running and Management z2mo, 2 00 

Smith's (0.) Press-working of Metals 8vo, 3 00 

Smith's (A. W.) Materials of Machines z2mo, z 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering. 8vo, 3 00 

Thurston's Treatii^e on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics. 

z2mo, I 00 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

Weisbach's Kinematics and Power of Transmission. (Herrmann — ^Klein.).8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Klein. ).8vo, 5 00 

Wood*8 Elements of Analytical Mechanics 8vo, 3 00 

Principles of Elementary Mechanics z2mo, z 25 

Turbines 8vo, 2 50 

The World's Columbian Exposition of Z893 4to! z 00 
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METALLURGY. 

Egleston's MetaHoisy of Silver, Gold, and Mercury: 

VoL t Silver 8vo, 7 SO 

VoL n. Gold and Mercury Svo, 7 5© 

** Iles's Lead-smelting. (Postage 9 cents additionaL) zamo, 2 50 

Keep's Cast Iron 8vo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe 8vo, i so 

Le Chatelier's High-temperature MeasuremePts. (Boudouard — Burgess. )i2mo, 3 00 

MetcalTs Steel. A Manual for Steel-users i2mo, 2 00 

Smith's Materials of Machines. i2mo, i 00 

Thurston's Materials of Engineering. In Three Parts. 8vo. 8 00 

Part n. Iron and SteeL 8vo, 3 50 

Part m. A Treatise on Brasses, Bron2e8, and Other Alloys and their 

Constituents 8vo, 2 50 

Hike's Modem Electrolytic Copper Refining. 8vo, 3 00 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virignia. Pocket-book form. 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo« 4 00 

Chester's Catalogue of Minerals 8vo, paper, i 00 

Cloth, z 25 

Dictionary of the Names of Minerals 8vo, 3 50 

Dana's System of Mineralogy. Large 8vo, half leather, z2 50 

First Appendix to Dana's New " System of Mineralogy." Large 8vo, z 00 

Text-book of Mineralogy. 8vo, 4 00 

Minerals and How to Study Them z2mo, z 50 

Catalogue of American Localities of Minerals Large 8vo, z 00 

M«""«i of Mineralogy and Petrography z2mo, 2 00 

Douglas's Untechnical Addresses on Technical Subjects. z2mo, z 00 

£akle*s Mineral Tables 8vo, z 25 

Egleston's Catalogue of Minerals and Synonyms 8vo« 2 50 

Hnssak's The Determination of Rock-forming Minerals. (Smith.). Small 8vo, 2 00 

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo. paper, o 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) 8vo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks 8vo. 2 00 

Williams's Manual of Lithology. 8vo, 3 00 

MINING. 

Beard's Ventilation of Mines. Z2mo. 2 50 

Boyd's Resources of Southwest Virginia 8vo. 3 00 

Map of Southwest Virginia Pocket book form. 2 00 

Douglas's Untechnical Addresses on Technical Subjects z2mo. z 00 

* Drinker's Ttmneling, Explosive Compounds, and Rock Drills. .4to.hi. mor.. 25 00 

Eissler's' Modem High Explosives 8vo. 4 00 

Fowler's Sewage Works Analyses Z2mo, 2 00 

Goodyear's Coal-mines of the Westem Coast of the United States z2mo. 2 50 

Ihlseng's Manual of Mining Svc 5 00 

** Iles's Lead-smelting. (Postage 9c. additional) ^ z2mo. 2 50 

Kujjhardfs Practice of Ore Dressing in Europe 8vo. z so 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 2 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Wilson's Cyanide Processes Z2mo, z 50 

ChJorination Process. istmo, i so 
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Wilson's HydniuUc and Placer Mininc i2mo. 

Treatise on Practical and Theoretical Mine Ventilation. lamo, i aj 

SANITARY SCIENCE. 

Bashore's Sanitation of a Country House lamo, i oc 

FohrelTs Seweiac** (Designing, Construction, and Maintenance.) 8yo, 3 M 

Water-supply Engineering. 8to, 4 M 

Fuertes's Water and Public Health. zamo, i 5c 

Water-filtration Works zamo, a 5c 

Gerhard's Guide to Sanitary House-inspection i6mo, x oc 

Goodrich's Economic Disposal of Town's Refuse Demy 8vo, 3 51 

Hazen's Filtration of PubHc Water-supplies 8vo, 3 oc 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 51 

Mason's Water-supply. (Considered principallyfrom a Sanitary Standpoint) 8vo, 4 o< 

Examination of Water. (Chemical and Bacteriological.) zamo, z a; 

Merriman's Elements of Sanitary Eng.*neering. 8vo, 2 oc 

Ogden's Sewer Design zamo, 2 oc 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis zamo, x 2* 

* Price's Handbook on Sanitation zamo, z se 

Richards's Cost of Food. A Study in Dietaries zamo, z ot 

Cost of Living as Modified by Sanitaiy Science zamo, z oc 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point > 8vo, a oc 

* Richards and Williams's The Dietary Computer 8vo, z 50 

Rideal's Sewage and Bacterial Purification of Sewage 8vo, 3 50 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) zamo, z 00 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Woodhull's Notes on Military Hygiene z6mo, z 50 

MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanofif and Collins.) Large zamo, 250 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, z 50 

Ferrel's Popular Treatise on the Winds 8vo. 4 00 

Haines's American Railway Management zamo, 2 50 

Mott's Composition, Digestibility, and Nutritive Value of Food. Mounted chart, x as 

Fallacy of the Present Theory of Sound x6mo, z oo 

Ricketts's History of Rensselaer Polytechnic Institute, x8a4-z894.. Small 8vo, 3 00 

Rostoski's Serum Diagnosis. (Bolduan.) zamo. z oa 

Rotherham's Emphasized New Testament Large 8vo, 2 00 

Steel's Treatise on the Diseases of the Dog. 8vo, 3 50 

Totten's Important Question in Metrology 8vo, 2 50 

The World's Columbian Exposition of Z893 4to, z 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) lamo, z 00 

Winslow's Elements of Applied Microscopy zamo, z 50 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance; 

Suggestions for Hospital Architecture : Plans for Small Hospital . zamo, z as 

HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar zamo, x aj 

Hebrew Chrestomathy 8vo, a 00 

Gesenius's Hebrew and Chaldee Lexicon tr the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 oO 

Lettenis's Hebrew Bible 8vo, a 28 
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